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SODIUM SALT OF 3-AMINO-3-[(5-BENZOTHIAZOLE-2YL)-
FURAN-2YL]-PROPANOIC ACID

T.ILIESCUY, D. MANIUY, V. CHIS!, M. TOSA? F. IRIMIE?

'Babes-Bolyai University, Physics Faculty, Cluj-NagpRomania
2Babes-Bolyai University, Chemistry and ChemicaliBegring Faculty,
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ABSTRACT. Raman and surface—enhanced Raman spectroscog)Itave

been applied to the vibrational characterizationsofliu salt of 3-amino-3-[(5-
benzothiazole-2yl)-furan-2yl]-propanoic acid (sdl). Theoretical calculation
(DFT) have been performed to find the optimized cttme and computed
vibrational wavenumbers of this salt. SER spectrarilver colloid at pH value
of 8 have been also recorded and analysed. Good siERtrum have been
obtaining, providing the chemisorption of salt llewnle on the silver surface. At
the investigated pH value the carboxylate anion thesn bonded to the silver
surface througt electron system having the tilted close to flaemtation with

respect to silver surface. Phenyl, thiazole andrfuings have also close to flat
orientation to the metallic surface.

Introduction

Although of less importance than thaianaloguesf}-amino acids are also
present in peptides and different heterocycles,theait free forms and derivatives
exhibit interesting pharmacological effects.

Besides their own pharmacological activity, flramino acids can be used
as building blocks for the preparation of modifi@aon-natural) analogues of
biological active peptides. By insertion of gramino acids in plane of anamino
acid of naturally occurring pharmacologically aetipeptides, the activity or the
effects can be modified [1]. By means of such aoharge the stability of the
natural peptides can be increased sifiggeptides are resistant to enzymatic
degradation [2]. On the other hand, cy@i@amino acids can by used as starting
pharmacons for the synthesis of natural productmaftogues and also as building
blocks in drugs research [1]. Because of the nabgeurrence and the biological
activity, interest in physico-chemical investigatiof the3-amino acids and their
salts has rapidly increased.

The chemical aspects of the drug action, as ouwvateres, are very
complicated. The ideal situation is when the dregf m non-modified form until it
reach the receiving center specific of certain huimaan. Receiving center can be
an aria in which the drug is adsorbed with diffengarts of the drug molecule [3].
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In this sense silver surface can be considered rificial biological
interface for drugs adsorption [4]. Certainly tlisarption on the silver surface do
not resolve the very complicated problem of drugoacin human body but can
offer a general idea about the adsorption podslit

The knowledge about the structure @fmino acids and their salts is
essential for understanding their pharmacologiciba. Vibrational spectroscopy
offers a good tool in this sense.

B-Amino acids, like itsx-analogues, present in their structure near neutral
and weak alkaline environments, Nkind COO groups. In order to understand
the action of these groups on the vibrational spettwe select sodium salt of an
amino acid in which Nkland COQgroups are present.

In the first part of this paper we present the atimnal analysis of sodium
salt of 3-amin-3-[5-benzothazole-2yl)-furan-2yllgpanoic acid (salt 1) from
experimental (Raman) and theoretical (DFT calcote) point of view.

The adsorption study on silver surface of salt &capin order to establish
the nature and its orientation on metal surfacedascontribution of the second
part of this work.

The salt 1 molecular structure is presented in Eig.

" )
S )
or |
NH,
Fig. 1. General structure of sodium salt of 3-amino-3-
[(5-benzothiazole-2yl)-furan-2yl]-propropanoic acid

COO Na'

I— 00—

Experimental

Sample and instrumentation

3-amino-3-[5-benzothiazole-2yl)-furan —2yl]-propamacid was prepared
starting from corresponding aldehyde using the Boalv method [5]. Sodium salt
of this 3-amino acid was prepared by addition of NaOH.

FT-Raman solid state spectrum was recorded usirigkeBriFS 120HR
spectrometer with integrated FRA 106 module andlugisn of 2 cni. Radiation
of 1064 nm from Nd-YAG laser was employed for Ransgectrum excitation.
180 geometry was used to collect the scattered light.

Surface enhanced Raman spectrum (SERS) was pedoomea Dilor
Labram system equipped with an Olympus LMPlan Firb€roscope obiective, an
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1800 lines/mm grating and an external laser witleission wavelength of 514.5
nm. In the recording of the micro-Raman spectraowgs of 100 mW on the
sample has been employed. 1§8ometry was used to collect the scattered light.

Sodium citrate silver colloid was prepared accaydine literature [6]. A
small amount of 1® mol/L salt 1 aqueous solution was added to 0.6awlloid.
0.1 mL 10" mol/L NaCl solution was added to obtain coagutatié the sol. The
final concentration of the sample 1.431@ol/L and pH value of 8 was obtained.
All measurements were performed at room temperature

Computational details

The molecular geometry optimization and vibrationiequencies
calculation were performed with the Gaussian 98 AVby using semiempirical
(PM3) [8], (AM1) [9] and DFT methods. In the lastse the combination of the B3
[10] exchange functional of LYP [11] correlationnfttional is used. The split
valence-shell G-31 G(d) basis set of the Poplemumr[12], augmented by d
polarization functions on havy atoms has been ursednjunction with DFT method.
All the calculation has been carried out with tb&tricted closed-shell formalism.

The geometry was fully optimized without any coastt with the help of
analytical gradient procedure implemented with Gaus 98 W program. The
force constants were calculated by analytical dbffidiation algorithm for each
completely optimized geometry. Prior to compare taculated vibrational
frequencies with the experimental counterparts forener have been scaled by
appropriate scaling factor recommended by ScotRaubm [13]. For DFT method
at B3LYP/6-31G(d) level, the recommended frequestaling factor for high and
low frequencies are 0.96414 and 1.0013 respectivéhyational mode assignments
were made by visual inspection of modes animatagsing Molekel program [14].

Resultsand discussion

A. Theoretical calculation

Fig. 2 presents the optimized geometry of salt laiokd by DFT
theoretical calculation using B3LYP/6-31G(d) leeétheory.

As can be seen in Fig. 2, phenyl , thiazole andrfuings are in the same
plane. This plane contain too the CO@oup and the C15C26 bond. The
C5C15N16 and C5C15C17 angles are biger th&g S Fig 2 for the atoms number).

Theoretical calculation allow to obtain the assigninof vibrational
modes. Table 1 presents the calculated scaledeineps, corresponding experimental
FT Raman data and assignment of the vibrationaksiofisalt 1 molecule.
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Fig. 2. Optimized geometry of sodium salt of 3-amino-3@&azothiazole-2yl)-furan-2yl]-
propanoic acid at the B3LYP/6-31 G(d) level of thed*henyl, thiazole and furan rings
form a plane which contain the CO@roup.

Tablel
Experimental FT-Raman and calculated (3mof sodium salt of 3-amino-3-[(5-

benzothiazole-2yl)-furan-2yl]-propanoic acid.

FT Raman Frecqg Assignment
B3LYP (6
31Gd)

199 ring 1,2,3 out of plane def. (m)

237 | NH2p(s), CH2p (m), C15-C17-C18 (m)

263 [NH2Ttvs)

276 | NH2p (s), CH2p(m), COO p (w)

292 NH2p (s), CH ring 3 in plane def. m)

310 (vw) 318 NH2Z» (w), ring 1,2,3 out of plane def. (m)

327 |01-C2-C68 (m), C9-C10v (w), NH2T (W), CH2p (w)
362 (vw) 354 NH2Z (m), CH2® (m), CH ring 3 in plane def. (w)

390 (vw) 384 ring 3 out of plane def. (s), NbZm), CH2w (w), N16-
C15-C55 (m)

414  |ring 1,2 in plane def. (m), CH2(m), N16-C16-C& (m)
426 COOp (W), NH2p (vs), CH ring 1 out of plane def. (vg)
438 (vw) 428 CH2 (s), CH ring 1 out of plane def. (s), CO(w)
490 ring 1,2 in plane def. (s)
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515 (vw) 513 |CH2T1 (s), NH2t (s) COOp (w), C18-C17-C15 (m),
CH ring 3 in plane def. (w), C15-HZ%(s)
534 (vw) 518 ring 1,2,3 out of plane def. (m)
570 ring 1,2 in plane def. (s), ChIw), NH2 ®» (w)
583 ring 1,2,3, out of plane def. (s)
619 | CH2pt+w (s), COOw (m)
645 (vw) 649 ring 1,2,3 in plane def. (w), Nld2m), COO » (m),
CH2p (m)
657 (vw) 666 ring 3 out of plane def. (s)
670 CH2p (s), COOw® (w), C2-C6 out of plane def. (m)
687 ring 1,2 in plane def. (s)
691 (vw) 699 ring 3 out of plane def. (s), NbdZm), COO 5(w)
705 (vw) 705 CH ring 1 out of plane def. (s), ring@ out of plane def.
w
750 (vw) 736 (C)H ring 1 out of plane def. (s),
776 (w) 764 | NH2» (vs), COOs (m), C15-C17-C18 (m), CH2p
(m), ring 3 in plane def. (vw), C15-HZ%6(S)
782 CH ring 3 out of plane def. (s)
815 NH2w» (w), ring 1,2,3 in plane def. (s)
835 (vw) 831 CH ring 1 out of plane def. (s)
848 CH ring 3 out of plane def. (s), Nldvw)
869 (vw) 852 CH ring 3 out of plane def. (m), NKZs), CH2p (s)
884 (vw) 884 ring 1,2,3 in plane def. (s) NHZm)
901 |NH2w (vs), COOSs (w), CH2T (S)
909 CH ring 1 out of plane def. (s)
920 (vw) 914 COO-in plane bengl(m), NH2®» (m), CH2t (m), C18-
c17-C155 (s), CH ring 3 in plane def. (w)
938 ring 2 in plane def. (m), NHX(s), CH2w® +p (M)
948 CH ring 1 out of plane def. (s)
982 (vw) 971 |01-C5v (m), CH ring 3 in plane def. (m), NHZXs), CH2
1 (s), C15-C1% (m)
994  |NH2Tt (m), ring 1,2 in plane def. (m), ring 3 in planef.d
S
1003 (C)H ring 3 in plane def. (s), CH ring 1 inn@adef. (m),
1010 (m) 1007 | CHring 3 in plane def. (s), CH ringn plane def. (m)
1027 (m) 1045 |ring 1 in plane def. (s), C9-S10(m), CH ring 3 in planeg|
def. (m)
1060 (m) 1069 | NH (s), CH2t (s), C5-C15-C1h (M)
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1068 (m) 1107 | CHring 1 in plane def. (s)
1109 | CHZ (s), NH2t (s), C15-C2& (m)
1144 | CHring 1 in plane def. (s)
1170 |CH ring 2 in plane def. (s), C15-H3Gm) NH2T1 (W),
CH2 o (w)
1182 (w) 1184 | ring 3 in plane def. (s), CHIm)
1219 (w) 1211 | CHring 1 in plane def. (m), ringn2lane def. (m), C6-
N7-C8v (s), ring 3 in plane def. C2-Qi(s), CH2w® (M),
.C15-H265 (m), NH21 (W)
1233 (w) 1235 | CHring 1 in plane def. (s), ringhdlane def. (w), CH
ring 3 in plane def. (m), C2-O4(w), CH2®» (m), C15-
H26 5 (m), NH2t (w)
1240 (w) 1242 | CHring 1 in plane def. (s), CiZs), C15-H26 (m),
CH ring 3 in plane def. (m), NH2(m)
1250 (vw) 1252 | CH2 (s), C15-H2& (m), NH2t (m)
1273 (m) 1275 | CHring 1 in plane def. (s), N74C@n), O1-C2v (m)
1284 (m) 1302 | CH® (s), C15-H26 (s), C2-C3-H24 (m)
1310 (vw) 1308 | ring 1,2, in plane def. (vs), C156H2w), CH2® (W)
1345 [ C15-H26 (vs), CH2w» (w), NH27 (s), C3-C4v (m)
1375 (w) 1365 | CHring 3 in plane def. (m), ringh3plane def. (m), C15
H266 (vs), NH2t (w)
1397 (w) 1382 | C17-C18(vs), CH2w (m), COO veyy(m), C15-H265
(W)
1414 (w) 1418 | CHring 1 in plane def. (s), C8+C@),
1434 | CHZ (vs)
1445 (vw) 1437 | CHring 1 in plane def. (s), ring@ In plane def. (m),
1473 (w) 1474 | C6-N¥ (vs) (C2-C3+C4-C5y (s), CH ring 1 in plane
def. (w), C15-H26& (m),
1523 (vs) 1512 | N7-C6-Csym(s), C4-C5 (s), C15-H265 (m), CH ring
1in plane def. (w)
1537 | COOvgagym(vs), H27-C17-C18 (s)
1542 |ring 1 in plane def. (m), CH ring 1 in plared.dm)
1578 (s) 1566 | ring 1,2,3 in plane def. (m), CH ring in plane def. (m
C15-H265 (w)
1595 (s) 1586 | ring 1,2,3 in plane def. (s), CH g in plane def. (s)
1632 (s) 1629 | NH3 (s)
2920 (vw) 2940 | CHZgym(S)
2971 |C15-H26v (vs), CH2v,sym (W)
2996 |C15-H26v (M), CH2v,sym(S)
3064 (vw) 3063 | CH ring Lasym(s)
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3074 | CHring Wasym(S)
3084 | CH ring vasym(S)
3091 | CH ring gym (S)
3136 | CH ring 3rasym(VS)
3157 | CH ring 3rsym (S)
3380 (vw) 3338 | NHZiym (vS)
3420 (vw) 3423 | NHZa5ym(VS)

Abbreviations: w-weak; m-medium; s-strong; v-very; ring 1-pherigly; ring 2-thiazole
ring; ring 3-furan ringd-bending:p-rocking; t-twisting; w- wagging;v-stretching; sym-
symmetric; asym-asymmetric; def-deformation.

In Fig. 3 experimental FT Raman spectrum of sais Tompared with
theoretical Raman bands intensities. A good coomgence can be observed
between these spectra.

Raman Intensity

-

HIHIHHH,MHMH[\J , , , nﬂﬂﬂ”ﬂ,nn

500 1000 1500 2000 2500 3000 3500

Wavenumber / cm™

Fig. 3. FT-Raman spectrum of solid state of sodium sa8tarino-3-[(5-benzothiazole-2yl)-
furan-2yl]-propanoic acid (a) and the calculatedBa intensities (B3LYP/6-31 G(d)) (b).

The observed disagreement between the theory gratiment could be a
consequence of the anarmonicity and the generdéney of the quantum chemical
methods to overestimate the force constants &t equilibrium geometry [15]

9
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The most intense band at 1523 coan be assigned to N7C6C2 asymmetric
stretching and C4C6 stretching vibrations, togetittr C15H26 bending vibration.

Symmetric stretching vibration of carboxylate grq@OO) is present as
medium intensity band at 1397 ¢mtogether with C17C18 stretching and
C17H27H28 wagging vibrations.

Ring 1. 2 and 3 (for rings number see abbreviatiom Table 1) in plan
deformation and CH ring 1 and 3 in plan deformatidorations are present at 1578
and 1598 ci. The bending and wagging vibrations of Ngtoup give the peaks at
1632 and 1060 cth The weak band at 776 &nis assigned to NHwagging and
COQO bending vibrations. N symmetric and asymmetric stretching vibrations
appear as very weak bands in solid state FT Raptram at 3380 and 3424 ¢m

B. Adsorption on silver surface
Salt 1 SER spectrum in silver sol is compared wiidsstate Raman
spectrum in Fig. 4. Table 2 presents SERS and Ralaan

Raman intensity / arb. units

T T T T T T T T T T
600 800 1000 1200 1400 1600

Wavenumber / cm™

Fig. 4. FT-Raman solid sate (a) and SERS (b) (c=1:2rh6l/L) spectra of sodium salt of
3-amino-3-[(5-benzothiazole-2yl)-furan-2yl]-propanacid.
Only spectral range of interest is presented.

10
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Table 2.
SERS and Raman data (&of salt 1 molecule.

FT Raman | SERS Assignment

solid satae | pH 8

657(vw) 671(w) ring 3 out of plane def.

705 (vw) 717 (w) CH ring 1 out-of-plane def.

776 (w) 789 (w) NH2w(vs), COO s (m), C15-C17-C18& (m), CH2p (m),
C15-H265 (s)

1027 (m) 1019 (m) | ring 1 in plane def. (s), C9-SM(m), CH ring 3 in planeg
def. (m)

1060 (w) 1046 (sh) NH® (s), CHZt (s), C5-C15-C1% (m)

1182 (w) 1179 (w) ring 3 in plane def. (s), CHdZm)

1240 (w) 1236 (w) CH ring 1 in plane def. (s), CkZs), C15-H26 (m), NH2
©(m)

1273 (m) 1268 (m-s) | CHring 1 in plane def. (s);688v (m), O1-C2v (m)

1397 (m) 1389 (m) C17-Ch8(vs), CH2w (m), COO vgym (M), C15-H265 (w)

1473 (w-m) | 1487 (sh) C6-Nv (vs) (C2-C3+C4-C5y (s), CH ring 1 in plane def.
(w), C15-H265 (m),

1523 (vs) 1515 (s) N7-C6-G2sym (s), C4-C5v (s), C15-H265 (m), CH ring 1
in plane def. (w)

1578 (s) 1574 (sh) ring 1,2,3 in plane def. (m), @k 1,3 in plane def. (m
C15-H266 (w)

1595 (s) ring 1,2,3 in plane def. (s), CH ring ih,plane def. (s)

1632 (s) 1625 (s-m)| NH&(s)

Abbreviations : w-weak, m-medium, s-strong, v-very sh-shouldeg 1- phenyl ring, ring
2- thiazol ring, ring 3-furan ring.

v-stretching p-bending w-wagging,t-twisting, p-rocking,

The origin of the enhancement of Raman scatteningscsection at rough
surface has been an active field of research. Bmeral consensus attributes the
observed enhancement to contribution from two meishas: one electromagnetic
enhancement and chemical effect [16, 17]. The mlewgnetic mechanism of the
Raman enhancement is based on the coupling ofatttiation field with surface
plasmons of the metal. In the chemical mechanisaseth on a change in the
molecular polarizability arising from the interamti with the metal substrate, an
important role is played by the charge—transfezaftiue to the resonant excitation
into a charge-transfer transition of an adsorbag¢éahtomplex [17, 18].

In the Fig. 4 the shift in the peak positions ahd thange in relative
intensities of the SERS bands compared with noRaahan bands can is observed
which indicate the interaction between the saltdletule and silver surface and a
chemisorption process on this surface.

11
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The SERS band are broader than the correspondimguiRbands probably
due to different adsorption sites on metallic stefa

The background signal around 1200-1600"ésndue to the photo- or termal
decomposition of the salt 1 specie which form cadager on the silver surface. [19]

The pH value of 8 was obtained in the sol afteriregléh small amount of
the 107 aqueous solution of salt 1. At this pH value ipanted to have the NH
and COOgroups to be present in the structure of the &dsbstate.

Symmetric stretching vibration of carboxylate groigppresent in SER
spectra at 1389 cf Its peak position is shifted to lower wavenumbgr8 cm'
with respect to corresponding Raman band (139%)cm

According to literature [20] CO@roup can be bonded to silver surface via its
Tt electron system when the corresponding peak positiadsorbed state is shifted to
lower wavenumber by much as 6 teompared to the free molecule. The asymmetric
stretching vibration of carboxylate group was badiscernable in the SER spectrum
when adsorption occurred viasystem [21]. On the other hand a blue shift of the
symmetric COO stretching mode upon surface adsorption was obdeiv SER
spectrum of benzoic acid on silver electrod surféadts oxygen lone pair electrons.

By inspection of Fig. 4 and Table 2 the red shjfBtcmi® of the symmetric
COQO stretching band is observed in SER spectrum oflsalolecular specie at pH
8 value in comparison with Raman spectrum, whichfiom the binding of this
group on the silver surface viaelectron system of this group. The absence of
asymmetric COOstretching vibration in SER spectrum reinforce ithea of the
interaction of this group on silver surface viaritslectron system.

The interaction between negatively charged C@©up and silver surface
is expected having in view the positive chargeilogs surface.

According to the surface selection rules for Rarseatttering [18, 23] the
vibration of the adsorbed molecule, which has andbility tensor component
normal to the surface will be preferentially enhathcStretching vibration are
assumed to have large component of the polaripabilong to bond axis.

The small intensity of the symmetric stetching bafaarboxylate group
observed in SER spectrum of salt 1 indicate thedtitlose to flat orientation of
this group with respect to the silver surface.

The presence of the weak CO@-plane bending vibration at 789 ¢m
reinforce the proposed orientation .

The bending vibration of NHgroup is present in SER spectrum with
medium intensity at 1625 ¢ The change in the peak position of this band
compared to corresponding Raman band (1632 amdicate the interaction of this
group with metallic surface. NHvagging vibration is present in Raman spectrum
as medium intense band at 1060'cffig. 4a). In SER spectrum a weak and broad
band is observed in this spectral region. Twistilgiation of the NH group is also
present in SER spectrum at 1236tm

12
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The presence in SER spectrum of the out-of-plabeational modes of
NH, group and the very weak intensitie of stretchinlgrations of this group,
indicate the tilted to flat orientation of this ggwith respect to the silver surface.

In plane deformation modes of ring 1,2 and 3 (delereviations on the
Table 2 for the rings number) located in SER spectat 1574 and 1587 ¢hhave
very weak intensities as compared with correspandaman bands (1578 and
1595 cnt). Also N7C6C2 asymmetric stretching and C4C5 shieg vibrations
located at 1515 crthappear in SER spectrum with weaker intensity coeghao
the normal Raman spectrum (1523 9m

According to surface selection rules we supposeakvinteraction of the
rings with metallic surface and tilted to flat oriation of these rings with respect
to silver surface. This rings orientation is vermolpable taking in account the
molecular structure presented in Fig.2 in whiclysiplane coincide with the COO
plane, last group being oriented near to flat jpmsibn the silver surface. The
presence in SER spectrum of ring 1, 2 and 3 inepldeformation vibration at
1019, 1236, and 1268 chreinforces the proposed orientation of this plari
respect to silver surface. The interaction betwibenrings and metalic surface via
their Tt electron system is posible having in view thetdioifower wavenumber by
approximatlly 10 cm® of the peak positions specific to rings vibrati@rsl their
bandwidths substantialy increased in adsorbed [@d}e

Conclusions

DFT calculation of sodium salt of 3-amino-3-[(5-zethiazole-2yl)-furan-
2yl]-propanoic acid have been performed at the BBI6¥31G(d) level of theory.
The assignment of the vibrational modes was acdshgd and a good agreement
was obtained between the theoretical vibrationalvemambers and the
experimental FT Rama data. Good SER spectrum wiéneb in weak alkaline
environments indicating a chemisorption of saltdleaule on silver surface. Salt 1
molecule was bonded to the silver surface thrauglectron system of carboxylate
group which has tilted close to flat orientation the surface. Phenyl, thiazol and
furan rings plane have also close to flat orientatd the metallic surface.
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CONTRIBUTIONS TO THE ULTRASONIC STUDY OF
MOLECULAR INTERACTIONS IN THE DICHLOROMETHANE —
BENZENE MIXTURES

A. CIUPE*, |. LENRT*

*Faculty of Physics, “BahgBolyai” University, Cluj-Napoca, Romania

ABSTRACT. Ultrasonic propagation velocity, density, dynamigscesity
coefficient and thermal expansion coefficient measwents were carried out un
the binary liquid system dichloromethane — benZen¢he pure components and
for different dichloromethane concentrations atedént temperatures in the range
283 — 303 K. Based on the experimental data qiesitids: the adiabatic
compressibility coefficient, the available voluntee g force parameter, the free
volume were calculated. A comparison between differinternal pressure
formulas, in connection with the ultrasonic propgaga velocity as a common
parameter is made. The obtained results give irddom about the contribution of
different types of interactions to the overall effef molecular interaction in the
studied system and about their dependence on tihdodhmethane concentration
and the temperature of the mixture.

INTRODUCTION

The propagation of ultrasound in the matter is atimrised by the
propagation velocity and the absorption coefficieftie wave energy transfer to
the medium is determined by the individual promart{structure, size, shape,
polarity, etc.) of the molecules and the intermolacforces acting between them.
In this respect the ultrasonic propagation velocdy offer qualitative information
about the molecular interaction in pure liquids &qdid mixtures [1+ 5].

The dispersion forces are operative in all théesys. The mechanisms that
lead to stronger interaction are dipole — dipoteriaction, dipole — induced dipole
interaction, hydrogen bonding, charge transferauon, etc. [5,6,7].

The paper deals with the results obtained in ttr@sonic study of the
dichloromethane — benzene system on the basidgrafolnd propagation velocity,
density, viscosity coefficient and thermal expansioefficient measurements over
the whole concentration range at different tempeeatin the interval 286 — 303 K.

Theory

On the basis of the experimental data the follgwouantities were
calculated:

- the mean molar volume: V=M/p |, (1)
where M is the molar mass;
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- the adiabatic compressibility coefficient, defirssd

1(oVv
== | 2
Bs v, ( ap ]S )
calculated with the formula: g = iz; (2)
pc

- the g parameter as a measure of the intensity of intlerenéar forces in
the mixture, which is related to the constant “a” the van der Waals state
equations by means of the following equation ofrdedn [3]:

a

wherey =C,/C,, the ration of molar heats at constant pressuspestively at

constant volume; this parameter was calculatedheydrmula:
2

a

C H
a, = % (3)
- the available volume Y defined as:
V,=V-b, (4)
calculated by the relation [2]:
V,=V(i-clc,), 4)

where b is the covolume and 1600 m/s is a limiting ultrasonic velocity for
homologue series of organic liquids for the case,Mo;

- the free volume Vdefined as the volume of the allowed moving sdace
the molecule center in one mole, defined as [2]:

V, :V(1—3\/B/V)3 (5)
was calculated by means of the formula [8]:
v, =k(Mc/n)*? (5)
where k = 3,57 10™.
The internal pressure has different expressionagwither to the use of

various models or to the introduction of some aginations. That is reflected by
the discrepancy of the obtained values [5, 9].

The internal pressure defined by:
ouU
= — 6
Pi ( aV]T (6)
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(U being the internal potential energy) resultsrfrihe contribution of all attractive
and repulsive potentials [10], can be expressed as:

op
=T =1 - 6’
P; (GTJV p (67
where p is the external pressure, which usually lmameglected in the case of

liquids.

Based on the thermodynamic arguments, neglectiagexternal pressure
and after performing some changes [10] the follgviarmulas are obtained in
order to calculate the internal pressure with expental data:

()

respectively: (8)
wherea is the volume expansion coefficient at constapsgure, T is the absolute
temperaturep is the density, £is the adiabatic ultrasound propagation velo@iy,
and[s is the thermal and the adiabatic compressibilitgficients.

The van der Waals internal pressure was obtaimedhe basis of a
simplified model in which the intermolecular intetians are limited to that of
attraction by means of dispersion forces. Thusesgimg the potential component of
the internal energy U corresponding to all pastfia number N of molecules by:

2 al a
U= —_T[N2 == = -
3 r, V \%
from (6) the van der Waals’ internal pressure fdenis obtained:
_a
Pw = Wv
where “a@” is a constant and V is the molar volume.

With a view to get the relation between the reakrimal pressure;p
deduced by thermodynamic reasons and the van daisWiaternal pressurepit
is necessary to expresg jas a function of the ultrasound propagation vejocit

that is defined by:
op
Cc=Y—| . 10
s V(apjT (10)

By making some approximations [3], from (9) and)(it@esults:
0. =P%s

iw 2y
and from (7) and (11) we got [10] the relation weght for:

(9)

11)
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P, =20Tpy, (12)

where 20T represents the correction coefficient of the van Waals’ internal
pressure.
Another relation proposed [11] for the estimatentérnal pressure, based
on the cellular model for liquids, relates it te tihee volume as follows:
_ bRT
plC Vfl/3V 2/3
where i is a parameter depending on the degree of padfitige liquid molecules
(can be taken ag b 2 for cubic arrangement) and p is the externedsure.

The formula: c=g£sr (14)
found by Schaaffs [2] relates the propagation \iglazto the molecular structure
of the liquid. Here s is the so called collisiorctta, describing the energy lost
during the wave propagation and r is the degrespate filing. In relation (14):

=€ (15) and zg (16)

—p (13)

4n . ,
where B:?RgNA (R is the molecule radius andaNs the Avogadro’s

number). R can be calculated by the formula:

3 nz 1M\
R= b~ 17
{4T|NA[1'1n§+2 pj:l (7)

where p is the standard refractive index..

The covolume b was calculated (for the pure corepts) fromV and \j
by formulas (4) and (4).
The interstitial volume: = V-B (18)
Allows to estimate the relative interspacéWand the space occupancy ratio B/V

EXPERIMENTAL

In order to measure the ultrasonic velocity theéhoe of optical diffraction
by ultrasonic beams of 4MHz frequency was used waithaccuracy ot 0,2 %
[12]. The density was measured by means of a pietemwith an accuracy af
0,2%. The dynamic viscosity coefficient measurememgre carried out with the
capillary viscosimeter. The thermal expansion doigfiits were measured by
means of a dilatometer. The measurements wereedaout in temperature
controlled conditions{ 0,1 K) within the range from 286 to 303 K. Theraetive
indexes were measured with an Abbe refractometer.

RESULTS AND DISSCUTIONS
The results for the pure components at 293 K amnsarized in Table 1.
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Table 1.
Some physical parameters of the pure compone2&3aK

Para- |Measure | Benzen | Dichloro- | Paramete | Measure | Ben- [Dichloro-

meter unity e methane | r unity zene |methane
M 78,11 84,93 vV 0,164| 0,314

p Kg/m® 878 1314 V-10° | mkmol | 2,67 2,32

u D 0 1,56 R 107 m 2,26 | 1,97

c m/s 1338 1097 B10° | m¥kmol | 29,1 19,2
No 1,5063 | 11,4242 s = b/B 2,5 2,2
n-10¢ | Nsin® | 0,65 0,81 r=BNV 0,328| 0,300
V-10 [m%kmol | 88,85 63,95 b1C® m’kmol | 74,31] 43,85
B-10° [ m/N | 6,353 6,325 V-10° | m%kmol | 59,75| 44,75

a m’/kgs | 1018 457 BIY 0,48 0,42

Vq 10 [mkmol | 14,54 20,10 W 0,67 0,70

The studied system contains compound with differgecific features.
The non-polar molecules of benzene¢H§) between which high intensity
dispersion forces are acting as shown by the higaére of § make a more
compact structure, as indicate the values of reesgely B/V, and the lower values
of V¢/M respectively V. Their symmetric cyclic configuration approachmester
to the spherical shape required by the model uskdn the asymmetric
configuration of the dichloromethane molecules {Ch). On the other hand
dichloromethane is a polar liquig & 1,56 D). Between its molecules orientation
effects by dipole — dipole interactions as wellvas der Waals dispersion forces
occur. The mentioned features influence the valokeshe free volume (as a
measure of the moving possibility of the molecuémters) and of the viscosity
coefficient. Hence, the high value of kespectively the low value of in the case
of benzene reflect the freedom of rotation of itslenules. The small value of the
free volume VY and the high value of the viscosity in dichlorohsate can be
assigned to the effect of the rotation restrictmhdichloromethane molecules
caused by their non-spherical shape and by thetatien effect of the dipole —
dipole interaction of the molecules.

The measured values of density propagation vglodignamic viscosity
coefficient and thermal expansion coefficient oftai for the studied mixtures at
different concentrationsx{nacrz is the mole fraction of dichloromethane) and
different temperatures are presented in Table 2.

Based on the measured values using the abovenpgdseelations the

adiabatic compressibilit§s, the g force parameter, the mean molar volWhethe
available volume ¥, the free volume ¥ were calculated. These results are
presented in Table 3a.
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Also the van der Waals’ internal pressukg, phe thermodynamic internal
pressure p the 2T coefficient and the internal pressure based encddllular
model p. were calculated. The obtained values are inclidddble 3b.

To illustrate the obtained results in a graphptatting following isotherms were
selected: theydorce parameter (Fig. 1), the van der Waals’ inatepressurep (Fig. 2),
the thermodynamic internal pressurgfg. 3) and the internal pressure based on the
cellular model p (Fig. 4) as a function of the mole fraction of tiehloromethane.

Table 2.
Measured values for some physical parameters matimmethane — benzene mixture
Concentration T p c n-10° a
X K] [kg/m’] [m/s] [Ns/n] (K]
CH_Cl,
1 2 3 4 5 6
0,0 286 886,2 1387 0,72
288 884,2 1372 113,2
293 879,2 1338 0,65 113,9
298 874,2 1307 1145
303 869,2 1287 0,56 115,2
0,06 286 904,1 1343 0,68
288 903,3 1338 114,7
293 898,9 1317 0,64 115,5
298 892,8 1288 116,1
303 886,6 1260 0,56 116,8
0,25 286 971,8 1289 0,68
288 9745 1281 119,1
293 964,3 1260 0,66 119,8
298 957,3 1240 120,5
303 953,1 1220 0,60 121,3
0,47 286 1049,1 1230 0,71
288 1047,4 1224 124,1
293 1043,2 1207 0,69 125,0
298 1038,5 1185 125,8
303 1031,8 1163 0,61 126,6
0,67 286 1137,8 1184 0,74
288 1138,7 1175 128,6
293 1137,7 1156 0,72 129,5
298 1132,7 1139 130,4
303 1123,9 1121 0,65 131,3
0,84 286 1243,6 1149 0,79
288 1228,0 1139 132,5
293 1220,3 1116 0,75 133,5
298 1214,2 1097 134,5
303 1210,7 1080 0,69 135,4
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1,0 286 1337,3 1118 0,82

288 1327,5 1112 136,1

293 1314,5 1097 0,81 137,1

298 1305,4 1079 138,1

303 1299,3 1058 0,73 139,1

Table3a

Concentration| T | B-10° a V- 10° Vq- 10° V- 10°

X K] | [m¥N] | [m°kgs] [m¥kmol] [m¥kmol] | [m*kmol]
CHCl,
1 2 3 4 5 6 7

0,0 286 | 5,867 1085 88,15 0,230
288 | 6,008 1064 88,35 12,59

293 | 6,353 1018 88,85 14,54 0,235
298 | 6,696 977 89,36 16,36

303 | 6,946 953 89,87 17,58 0,272

0,06 286| 6,133 997 86,91 0,218
288 | 6,186 990 86,99 14,24

293 | 6,414 965 87,41 15,46 0,232
298 | 6,752 929 88,01 17,16

303 | 7,104 895 88,63 18,83 0,265

0,25 286| 6,193 855 82,16 0,210
288 | 6,253 841 81,93 16,33

293 | 6,532 823 82,80 17,59 0,212
298 | 6,793 803 83,41 18,76

303 | 7,049 781 83,77 19,89 0,233

0,47 286| 6,300 721 77,48 0,188
288 | 6,373 715 77,67 18,24

293 | 6,580 698 77,92 19,14 0,190
298 | 6,857 676 78,27 20,30

303 | 7,165 655 78,78 21,52 0,217

0,67 286| 6,269 616 72,69 0,172
288 | 6,361 606 72,63 19,29

293 | 6,577 587 72,69 20,17 0,170
298 | 6,805 573 73,02 21,04

303 | 7,080 559 73,59 22,03 0,192

0,84 286| 6,091 531 67,45 0,150
288 | 6,277 528 68,30 19,68

293 | 6,579 510 68,73 20,79 0,157
298 | 6,843 495 69,69 21,90

303 | 7,081 482 69,28 22,52 0,169

1,0 286 | 5,982 467 63,51 0,139
288 | 6,092 466 63,98 19,51

293 | 6,325 458 63,95 20,10 0,141
298 | 6,580 446 65,06 21,18

303 | 6,875 431 65,37 22,14 0,154
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Table3b
Concentration | T P, 10° | P-10° 20T P.- 10°
Y Kl | Nm3q | [Nm3 [N/m?]
CHCl,
1 2 3 4 5 6

0,0 288 5,745 3,746 0,652
293 5,595 3,732 0,667 3,970

298 5,373 3,664 0,682
303 5,140 3,588 0,698 3,860

0,06 288 5,680 3,752 0,660
293 5,523 3,734 0,676 4,020

298 5,311 3,670 0,691
303 5,089 3,599 0,707 3,930

0,25 288 5,539 3,799 0,686
293 5,343 3,750 0,702 4,280

298 5,174 3,715 0,718
303 5,016 3,687 0,753 4,260

0,47 288 5,341 3,813 0,714
293 5,193 3,801 0,732 4,620

298 5,018 3,759 0,749
303 4,839 3,711 0,767 4,540

0,67 288 5,259 3,892 0,740
293 5,113 3,875 0,758 5,030

298 4 957 3,851 0,777
303 4,791 3,009 0,795 4,950

0,84 288 5,232 3,992 0,763
293 5,034 3,937 0,782 5,360

298 4,851 3,885 0,801
303 4,708 3,861 0,820 5,370

1,0 288 5,287 4,139 0,783
293 5,085 4,083 0,803 5,850

298 4,865 4,039 0,823
303 4,730 3,983 0,842 5,770

The g force parameter derived on the basis of the vaWeals model, as
a measure of only the attractive interactions Igpelision forces, has a high value
in benzene. With the increase of the dichloromeghaoncentration (Fig. 1), the a
value decreases toward the value correspondingir® gichloromethane, a lower
value in agreement with the decrease of carbonsatarmber in the molecule from
6 in benzene to 1 in dichloromethane
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Van der Waals’ internal pressure definition is lshea a simplified model
restrictive in character, consequently, the vakigtsined are characterized by the
deviations from the real ones especially in the @ddiquids. The magnitude of the
deviation corresponds to intermolecular interacjoamitted from the van der
Waals’ model, which are limited to those of dispamsfor some simplified
molecules from the point of view of their shape #melr interaction number.
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The van der Waals’ internal pressure has a highkrevin benzene (Fig.
2), decreases with increasing mole fraction of ldicdmethane and after passing a
minimum riches the value corresponding to the mliceloromethane, a lower one
as in benzene in agreement with the evolution efdispersion forces described by
the g parameter.

The correction factorsol' having values less than one (Table 3b) lead to
values of the internal pressure (derived on thermodynamic basis) lower than
those of py. The lowering of the difference betweengmd py with increasing
temperature imposed by the correction factor réfléwe prevalent role of rejection
forces within the correction. The increase of terapge affects especially these
interactions, which are overlooked by the van deal’ model.

The van der Waals’ pressurg, plecreases with the increasing temperature
(Fig. 2) in agreement to thg semperature dependence (Fig. 1). The temperature
dependence of internal pressure§Hig. 3) and p (fig. 4) are similar to that ofyp
(Fig. 2).

Unlike pw, the internal pressure;, prespectively p increase with the
concentration of dichloromethane (Fig. 3 and F)g. 4

The correction factorsoa? includes beside the contribution of the rejection
forces to the internal pressure(py the already mentioned decrease imposed to
pw) the contribution of other attractive forces oweled in the van der Waals’
model, such as that of orientation and that of atida. In this respect, the increase
of the correction factorso at a given temperature (Table 3b) respectivey th
increase of pwith the increasing dichloromethane concentratiam by assigned to
the increase of attractive forces as a result efgifadual substitution of dispersion
interactions acting in benzene by dipole — indudipdle induction forces between
unlike molecules in the mixtures, respectively liyote — dipole orientation forces
between identical molecules of dichloromethane.

The high value of jp compared to that of; pn dichloromethane results
from the lower propagation velocity value respegiivfrom the higher viscosity
coefficient value in this component.

In agreement with the molecular mechanism of sdtvaad propagation, the
more compact structure, quantitatively describedhieydegree of space occupation

I, (Feens) enza2) @S Well as the more efficient energy transmissa®scribed by

the collision factor s Scgu6)Schac2) IN benzene, explain the higher value of
propagation velocity in this component.

Between the polar molecules of dichloromethanentation forces are
acting in addition to that of dispersion ones {acin benzene too), what together
with the deviation of the shape of this molecutesrf the spherical one explain the
higher value of internal friction forceg)in this case.
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The mentioned results indicate that the cellulasdeh on which the
evaluation of p is based, assign a grater importance to the taonioh of the
specific features: r, §, and molecular shape to the internal pressure value

As a conclusion one can say that regarding theenpi@d energy of
intermolecular interactions (6) using the connetixisting between; @nd py it
is possible to separate the contribution of theaetiibn forces from that of the
rejection ones to the global potential energy.
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LANGMUIR-PROBE STUDY OF THE HOT ELECTRON
CYCLOTRON RESONANCE ION SOURCE PLASMA

L. KENEZ!, J. KARACSONY?! A. DERZSI*

ABSTRACT. The electron cyclotron resonance (ECR) ion sources high
performance machines, which provide high intengiighly charged ion beams.
The most important part of these machines is theptaastructure ECR plasma
that is still not known properly. Local plasma diagtic research was started in
the ATOMKI-ECRIS laboratory. As a first step, theldcg@lasma regions have
been studied. We showed that Langmuir-probes coalguzcessfully used in
certain conditions to get information on the coldsma [1,2]. From the high
performance point of view of the source much manpartant are the hot regions
of the plasma. This paper deals with the exploratibrihese regions. Though
energetic electrons are present in the ECR zone,cotdd measure probe
characteristics without damaging the probe, atilstalperation conditions of the
source. New shape of the voltage-current curvese wayserved, qualitative
explanation of the curve shape was establishednmasgusecondary electron
emission of the probe. By computational study ef ttieoretical model the role of
the secondary electron emission of the probe hais peoved.

INTRODUCTION

The most important part of the Electron Cyclotromsénance (ECR) lon
Sources (ECRISs) which determines their high peréarce operation is the ECR
plasma. This has complex nature. The electron caemocontains cold and hot
electron population. The hot electron componentotated in the core of the
plasma region. The position of the hot electron ponent is well determined by
the magnetic configuration and the frequency of thierowave. These two
determine the resonant zone where electron arbastcally heated and confined.
The ion component of the plasma is also complexie@sly it contains multiply
charged ions of different atomic species. Till nex@ concentrated on the cold
plasma regions. It was determined axial, azimutd smdial electron density
distributions and established a new theoretical ehddr evaluation of the
characteristics, which takes into account the cemplature of the ion component
of the plasma [1,2]. The present paper is devobtethé¢ first results of the hot
plasma experiments. The experiments were perfoahéoe 14.5 GHz ATOMKI-
ECR ion source [3].

! Babg-Bolyai University, Cluj-Napoca, RO-430000, Str.Kégilniceanu, Nr. 1, Romania
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Hot plasma experiments

The hot ECR plasma experiments must be carefullygeddeside the
different kinds of difficulties described at theldtoplasma experiments [1],
additional problem is the presence of these energkdctrons trapped in the ECR
zone. Due to the ECR effect the perpendicular gnefgthe electrons are some
magnitudes higher than the parallel ones. Taking &tcount that the probe isn’t
cooled, this is a real danger source to the pratokiasulation of the probe. To
avoid probe damage during the experiments, we gléoe probe in many distinct
points and we concluded that a probe without cgotiould be reliably used in
such manner that only the tip of the probe enteesrésonant zone. The insulated
parts must remain outside the resonant zone otberttie insulation can easily
melt. Such places are the convex regions of the zoat can be reached with an
off-axis introduced probe.

Of course, also in these cases, maximum attentiost ive paid to all ion
source parameters to be certain that the probesanrcte are working properly
during the experiments.

Many characteristics series were taken moving ttode by small steps
toward the resonant zone, than pulling it backwaiidge exact position of the
resonant zone can be easily determined experinherigl pushing toward the
resonant zone the sufficiently high negatively ethprobe and monitoring the
probe current in the mean time. When the probehe=athe resonant zone, a
sudden increase of the probe current can be olikeRar the experiments we
generated oxygen plasma and tuned the sour&@®*fquroduction. The results were
quite surprising: we obtained voltage-current)-Ij characteristics never
encountered in the literature before. Such chaisiits series are presented in Fig. 1.

It can be observed that far from the resonant zthreewell-known shaped
cold plasmaJ-I curves were measured € 9, 4, 3 mnfrom the resonant zone). At
d = 2 mm distance from the ECR zone a slight minimumeapp in the ion current
region, which is emphasized as the probe approavioes-and-more the resonant
zone. The position of the minimum also changeshitts toward higher negative
voltages. The measured probe current at the minirpoimt is unusually high
compared to the values measured in the cold plasgi@an (up to9 mA lll).
During the experiments the plasma was stabile; gbsurof the extracted ion
currents were lower than 3%. As a first control suea we measured tHe-I
characteristics (curves) in the same points pullihg probe backwards, and
obtained the same results. Though the temperafutfeeqorobe was high (during
the experiments intense light was coming out of gleesma chamber), the probe
did not damage. Later the visual check of the pmlmported this assumption.
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Fig. 1. Hot ECR plasma voltage-current characteristiceseri
d - Distance between the probe and the resonanee zon

To explain the above-presented characteristics vlletakke into account
the role of secondary electron emission. Seconel@gtrons can result from either
electron or ion bombardment. lon secondary electonssion can be potential
emission and kinetic emission. Because secondacjreh emission coefficients
can be greater than 1 for ion energies greater theglV and potential emission is
not depends on the ion energies, we will concemtoat the electron secondary
electron emission. Secondary electron emissionficaafts can be greater than 1
for incident electron energies of several hundrgd taus in secondary electron
emission the hot electron component of the ECRmdawill have a key role.

The shape of the curve can be interpreted by ukmdollowing qualitative
model. In the electron current saturation regi@ngtobe attracts all primary electrons
and repels all ions. Electrons on the resonant gaiite high perpendicular energies
(ECR effect), while the parallel energies remaichamged. When such hot electron
collides with the probe surface it gives birth tgraat amount of secondary electrons
and also transfers energy to the probe that inesgtsstemperature.

The secondary electrons are thermal ones, haveelwsvgies so they
cannot leave the positive potential barrier of phgbe and do not contribute to the
total probe current. The electron current presgotsl saturatiorlll) . Decreasing
the probe potential, but keeping it positive witbspect to the local plasma
potential, it collects some higher energy ions drigher energy secondary
electrons can already leave the probe. Electrorssan current appears as an
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apparent ion collection current and so the totalezu will show a slowly decrease.
If now the probe potential is made negative to p@sma potential, ions are
collected in higher number, primary electrons cot@peth the repelling potential
but still have sufficient energies to get collectadd give birth to secondary
electrons. These electrons are repelled from tbbegysurface. Because there is a
great amount of secondary electrons, the totalkotrfialls rapidly(ll) reaching a
minimum value. The probe works as o self-emissiabe.

If we continue to decrease the probe potentialtdited probe current will
increase. We can explain this behavior taking iatmount that the primary
electrons have a parallel energy distribution. Wilea parallel energy of the
primary electrons is lower than the absolute valfithe potential barrier of the
probe, the primary electrons cannot reach the pmbtace, the number of the
emitted electrons decreases. Hence, the absollitie @ the total current also
decreases. This decrease is not so rapid becauke pérticular properties of the
parallel energy distribution of the primary electso Of course, in the mean time,
the probe collects more-and-more ions, when thelates value of the negative
bias potential is increased. When the probe pateigtisufficiently negative with
respect to the plasma potential, all primary etawrare repelled and only ions are
collected(l), so the ion current also tends to saturate.

Theoretical model

We interpret in the following the foregoing resulte the basis of a
simplified theoretical model. We consider that tb&l electron current collected
by the probe in the resonant zone consists of aottihot electrons. In case of the
probe used at the presented experiments, sheatnsiioms were small compared
to the probe dimensions. Therefore, it is convenard adequate to use planar
probe approximation to build the theoretical model.

In terms of Cartesian coordinates, we can writeptiode current density of
the electrons to the negatively biased probe as

j=el ]o T Tf(vx v, ,VZ)WZdedvyde

Vzmin

1)

where, minimal value of,from energy conservation is

Vomn = 20800V, -V, )i m ]2 2

and V, is the plasma potential/, is the probe bias-voltagep. is the
electron mass , arglis the magnitude of the electron charge. Assurtisg-cone
distribution for the cold electron component [4]
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c

% 2
f(v, v,)=n 00— | [exp-Te Vi g M
20T, 2T, | 2e0, ' 9

whereTC” and TCD are the parallel and perpendicular temperaturésecfold

electrons, respectively (measured in energetis)@ihd, is the cold electron density,
we obtain for the cold electron current densityftllewing expression

jc=JZ®xr{—M}, it Vo<V

Tc//
=i , it vV, >V 4)

where j, =elh, /T, /20r0n, is the cold electron saturation current

density.

Electrons gain high energies in ECR ion sources tduthe ECR
effect [5]. TheB-minimumtype magnetic trap of the source, which is forrogdhe
superposition of the axial and the multipole radiggnetic fields, confines these
hot electrons. The hot electrons are confined byntlaltipole magnetic field in the
direction perpendicular to the axis of the southerefore we consider that the hot
electrons are mono-energetic in this direction. sy, we assume Maxwell-type
distribution in the direction parallel to the sosiraxis. The distribution function
obtained this way is the Maxwell-ring distributiomhich can be written for the hot
electron component as

m

n m, 2 2T,
f (v, V) =—2" o(v,—-w,)e “ M
h(Vir,Vn) ZETEND(ZDTD}WJ (Vg n) 5)

wherewy is the common perpendicular velocity, the electron density,
and Th// the parallel temperature of the hot electrons. @&pression of the current

density of the hot electrons can be obtained duhisty the Maxwell-ring
distribution function into Eq.1.
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T, e -V
jh :e|]']h Lex —M 6)
207, Th”

To calculate the electron current density resullee to the secondary
electron emission of the probe, it is convenienintike use of the definition of the
secondary electron emission coefficient (denoted)byhis coefficient is defined
as the ratio of the emitted to the incident curdsrisity and depends on the incident
particle energy. Thus the secondary electron cudemsity can be written as

o =—e[[v,(eg,)d (v, v, v, d°v -

whereos is evaluated at,, which is the kinetic energy of the incident hot
electrons at the probe. The minus sign indicatas ttie emission current appears
as an apparent ion current.

The dependence of the coefficiemton the primary electron energy is
described by the semi-empirical formula given bly [6

2
o(e,) = (2,72)2E£_Wamaxex —2( fw ] 8)

max max

whereEnaxis the electron energy where the emission coeffiaiehas its
maximum yieldomax

Using cylindrical system of coordinates, the seemydelectron current
density can be written as:

20ro o
js:—e_”' J'vz@Eﬂg+eEUJ)EQXp(—bE«L/£+emJ)Df(Vz’VD)
0 Ovznin 9)

In the above expression we introduced the followintations,

o 2
a= (2722 =max  ph=
( )E 10)

max Emax
and also considered, that the electron kineticggnen the surface of the
probe is given by
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g, =€+eU
11)

whereU =V, — \}, represents the potential difference between tbhber
and the plasma.
Inserting the Maxwell-ring distribution (5) in Eq,9ve obtain

. elh, (&
js = (¢, +E5 +teU)ex
° mj S

where &, = m@f/Z is the electron energy corresponding to the motion

parallel to the longitudinal magnetic field arih = m@vé/z is the perpendicular

electron energy.
The total current to the probe is the sum of tleeteon currents

and the ion current. In the ECR plasmf €<T,) the ion saturation current
density is given by the Bohm current density [7]

Teff
J. =-061Mm(e
m 13)

where we used an effective electron temperatuiaddkto account that in
the resonant zone there are two types of electpoesent with different number
density and temperature. The effective temperatanebe defined as [8]

1_n 4+
Tt NTe rlTh// 14)

wheren = n. + nyis the total electron plasma density.

The total current density to the probe is giventhy sum of the coldj.),
hot (j,), secondaryjs) electron current density, respectively, and tineciarrent density
(ji)- Substituting the above determined expressiorg (& and 13) into the sum

R R R
J Jc Jh Js JI 15)
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we obtain for the total current density the follogrexpression :

T, T, \
j =e, Jj—L— [éx ew +elh, W gy U
20l T, 20, | Ty,

Dj(e,, +Ej+ell)exp -ble, + E; +ell) [&xp, + E; +¢ 16)

-eU

Teff

m

- 0610n[e

Calculated total current densitigs= j(n, n,, T, T, ,E5,V) are

shown in Fig.2. for various parameter combinationssidering tungsten probe
(Emax = 700 eVandomax = 1,4). The calculated curves have the same profildas t
experimentally measured ones.
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Fig. 2. Calculated total current density to the probe
Different hot electron energiesy B Epax

The curves on the Fig.2. are obtained for constait and hot electron
densities, parallel temperatures, and different @&letctron energies. We can
conclude that increasing perpendicular energy df édectrons determines the
decrease of the observed current minimum, when ... We can explain this fact if
we take into account the energy dependence ottimmdary emission coefficient.
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Fig. 3. Behavior of the secondary electron emission caiefii

Figure 3. shows the qualitative dependence of #moredary electron
emission coefficient versus incident electron ewerghis coefficient increases
monotonously for most metals reaching a maximumesabme hrﬁt greater than 1
at incident energies of the order of several huhdhés (Emax)ql&r er increase of
the incident electron energy causes the reducfitimeosecondary emission.

When the hot electron energy increases alfyg the number of the
secondary electrons decrease and thus the abseluie of the total current will
also decrease. This process can be observed ¢h Bige cagysee that the change
of the hot electron energy causes the shift, asd tile magniﬁﬂ% change of the
minimum of the probe voltage-current charactersstithis particular behavior is
observed on the experimental curves, too. Depaftimy the resonant zone, the
perpendicular energy of the hot electron will irege ( mirror effect), which causes
the decrease of the value of the total currentrokseat the minimum point on the
experimental curves.

A series of curves corresponding to different gakanergies of the hot
electrons are presented on Fig.4., all other paemdaving constant values. One
can see that the increase of the parallel temperatuses the minimum position to
be shifted toward lower negative voltages.

When the probe is pulled away from the resonantezahe minimum
positions which are at negative voltages will stofirards smaller absolute voltage
values. Due to the confinement mechanism of theomimachines, as the probe
departs from the resonant zone, the parallel viglogemperature) of the hot
electrons will decrease. The same conclusion cadraen from the theoretical
curves. In case of lower parallel energies, theimmim is obtained again at
negative voltages with smaller absolute values.
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Fig. 4. Calculated total current density to the probe
Different parallel electron temperatures
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Fig. 5. Calculated total current density to the probe
Different hot electron density

The increase of the density of the hot electroncmirse only in certain
limits) also causes the increase of the absoluteevaf the minimum (Fig. 5). The
same behavior can be observed on the experimamas either. Departing from
the resonant zone, the density of the hot electtecreases, which causes the

decrease of the value of the total current obseateithe minimum point on the
experimental curves, too.
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CONCLUSIONS

The goal of this paper was to give explanationtfe appearance of the
emphasized minimum observed in the ion currentoregif the probe voltage-
current curve of a Langmuir-probe used in the kgians of the ECR plasma. We
assumed that this effect is due to the secondastreh emission of the probe
material. Starting from a simplified hot electroistdbution function, we deduced
a formula for the total current density collecteg the probe. Using computer
codes of the theoretical model, we studied gragifithe influence on the total
current of the different plasma parameters. Oulysghowed that the shape of the
curves resulted from our model is in agreement with experimental curve
shapes. This means our assumption was correcetitadary electron emission of
the probe is the mechanism, which causes the ajgpadf the unusual shaped
voltage-current characteristics. Further investgatare needed to fit our model to the
experimental curves and determinate local plasmanpeters of the hot ECR plasma.
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ABSTRACT. Proteorhodopsin is a retinal-containing integn@mbrane protein.

It is a light-driven proton pumping whit a phototycsimilar to that of
bacteriorhodopsin. The pkof the wild-type PR was determined from spectral
titration in the pH range 4.5-10. The pi§f the proton acceptor Asp-97 was
established to be 7.1. Comparing this value with g, of the proton acceptor
group of bacteriorhodopsin, being 2.5, the proteddpsin has a much higher pK
The potential importance of proteorhodopsin is i possible applications in
optical data storage and optical signal processing.

INTRODUCTION

Recently, large numbers of new retinal proteinsendiscovered in both
prokaryotic and eukaryotic organism. They could dhessified in two clearly
distinct families: type 1, the archaeal-type rhagio@and, type 2, the photosensitive
receptor proteins (Spudich et al., 2000). Protedopsin, a light-driven proton
pump belongs to the retinal protein family type Il.was discovered in the
uncultivated maring-bacteria of the SAR 86 (Beja et al., 2000, Bejalgt2001).
Its relatively simple structure makes easier taltinis protein. The function of the
proteorhodopsin is similar to that of bacteriorhpsia. Upon light excitation
electrical potential difference appears between the surfaces of the cell
membranes, due to an active proton transport athessiembrane.

Similar to other retinal proteins, the proteorhoglogs formed from seven
transmembrane-helices. The early studies suggested that thenabpbore in the
protein is an altrans retinal bound covalently to a lysine in helix Gava
protonated Schiff base (Beja et al., 2000). Aftegghtl excitation the retinal
photoisomerizes to 13-cis, and a photocycle igaieit. During the photocycle a
proton is transported across the cell membrane ftbm cytoplasm to the
extracellular space. The amino acid sequence, édeadd structure of the seven
transmembrane helices, the transport functions ahd photocycle of
proteorhodopsin at high pH (Varé et al., 2003)shalbw great similarities to that of
bacteriorhodopsin.
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A comparative study of the two sequences and FTIBasurements
identified the putative proton acceptor and doritgssin the proteorhodopsin, as
Asp-97 and Glu-108 respectively (Lakatos et alQ®ioumaev et al., 2002).

In bacteriorhodopsin, the pKof the proton acceptor Asp-85 is 2.5
(Balashov et al., 1996). If the pH is bellow thiK pa proton is bound to the
acceptor and can not bind another proton, thepahss blocked (Varé and Lanyi,
1989, Dér et al., 1991). In this paper we descifileespectral titration of the Asp-
97, the proton acceptor site of the proteorhodoasthdetermine its pK

MATERIALS AND METHODS

Wild-type proteorhodopsin was expressed Escherichia coli (strain
UT5600), as described before (Beja et al., 2000ubBiaev et al., 2002). The cells
were broken using an Aminco French press at 12 M@ membranes were
purified by centrifugation in distilled water and a sucrose gradient.

For measurements acrylamide gel samples were ge@acording to a
procedure described elsewhere (Mowery et all, 1971%ring the sample
preparation no buffer or salts was used to avadatigregation of the membranes.
The gels were equilibrated with a bathing solutimmtaining 100 mM NacCl, 25
mM MES (2-[N-morpholinolethanesul-fonic acid) and 5n2M TRIS
(Tris[hydroxymethyllJaminomethane) buffer. The pHtbe samples was adjusted
between 4 to 10 whit HCI and NaOH, and the tempegabf the sample was kept
constant at 20°C. The spectra were measured withmgputer controlled Unicam
UV/Vis spectrometer.

RESULTS AND DISCUSSION

As reported before (Dioumaev et al.,, 2002), the cspen of
proteorhodopsin shifted from 546 nm to 517 nm witteasing pH due to titration
of the proton acceptor site of the protein. Thg pkthe wild-type proteorhodopsin
was established from spectral titration in the pHge 4.5-10.

The studies published so far suggest that the rgpechanges of the
proteorhodopsin are very similar to those of thetér@orhodopsin. Taking this as a
basis we determined the titration curve using theplaude changes in the
difference spectra (Fig. 1). The pH in the rangetdd 10 was adjusted and the
sample kept overnight to equilibrate. The specteaewiaken between 350 and 700
nm. The data were stored and processed in comguterdifference spectra (Fig.
1) were obtained after subtracting the spectrumsomea at pH 4 from the others.
By analyzing the difference spectra it can be ohls®rthe appearance of an
absorption maximum at 500 nm and a minimum at 5@0 Mhe calculated
difference amplitudes yield the points for theatiton curve (Fig. 2). They were
fitted with the Henderson-Hasselbalch equationctvinesults an inflection point at
pH 7.1, the value of the pHKor the proteorhodopsin.
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Fig. 1. The difference spectra of the proteorhodopsimraftibtracting the spectrum at pH 4

from the others. Measuring conditions®20100 mM NaCl, 25 mM MES and 25 mM
TRIS in the pH range 4-10
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Fig. 2. The relative change of the amplitude at 500 nm&f@nm and the fitted titration
curve. The apparent pks 7.1.
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If the samples were kept at room temperature forers¢ days, the

measured pKshifted toward higher pH values (Friedich et 2002). Presumably
this is caused by oxidation of one or more of thee¢ cysteine in the protein
(Lakatos et al., 2003). To avoid this problem, wgedifreshly prepared samples for
determination of the pK

Comparing the proteorhodopsin with other retinalt@n this value seems

high. The proteorhodopsin as a proton pump funstigimilarly to the
bacteriorhodopsin only above this pH. If the pHlasver than 7.1, the proton
acceptor is not available, the retinal Schiff base not deprotonate and the
transport is blocked (Lakatos et al., 2003).
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ABSTRACT. Neutron irradiated Li (2 at. %.) doped YBakO,_5 system has
been investigated by direct microwave absorptioriterA irradiation, the
superconducting properties of the 123 phase werdifimd depending on the
neutron fluency. Increasing the fluency, the phsisacture supports initially a
disordering, then a re-ordering accompanied by gaifgtant increase of the
average critical temperatufie after 5 16’cm? irradiation; at the highest fluency
(10%cm?) T, decreases denoting the degradation of the 123 Masep The
intragranular dephasing magnetic fi@gl i.e. the DMA parameter associated with
the magnetic field dependence of the critical aurdensity, reflects the evolution
of the material structure, initially decreasingeaffirst irradiation (5 18cm) and
then increasing at higher fluencies. Another irdng peculiarity, consisting of
the presence of a flatness of the DMA curves arduBdr, and that exists only in
irradiated samples, was interpreted as a peakteffec

Key words: Direct microwave absorption, High temperaturesgsapnductivity, peak effect

1. INTRODUCTION

Among the methods intensively used to investigagehigh-Tc superconductors
(HTcS), as standard transport and magnetic measatsmor by the microwave
alternative technique, as magnetically modulatecraniave absorption (MAMMA)
[1, 2], the direct microwave absorption (DMA) [3marks themselves by simplicity
and, at the same time, the amount of informatieg tdan provide.

DMA characteristic curves, that illustrate the degency of microwave
absorption versus steady magnetic, have habituailyincomplete inverse bell
shape whose minimum corresponds to zero value ehatmetic field. The
asymptotical values of the DMA signals (consideiredhis work as conventional
“zero” reference levels of the corresponding DMApenses) correspond to the
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maximum microwave absorption in sample. The typibMA curve for bulk
samples shows a fast rising (FR) section of theramiave absorption, usually
within 0 to 40 mT magnetic field range, followedhagher field values by a slow
rising (SR) section (Fig. 1). As showed in [3], tthecoupling of the intergranular
Josephson junctions (JJ's) by the external dc-ntagrield generates the FR,
while SR behaviour is related to the contributibthe intrinsic weak links from inside
the grains. The last one is the most significacti@® of DMA curve as it can furnish
information concerning the superconducting phaséhinvithe material itself.
Accordingly, this region can be very well descrilyych simple exponential law [3]:

Y =Yy ex;{— B%j 1)

where: Y represents the SR DMA signaY,, is the maximum value of the SR
DMA signal corresponding to zero-magnetic field aefiects the superconducting
phase quantity andBstands for the magnetic field, whil®, represents the
intragranular dephasing magnetic field, tightly retated with the intragranular
critical current density [3, 4]. Another importgoérameter of DMA curve is the
zero magnetic field value of the FR sectio,;, directly connected to the

intergranular JJ’'s number. Its value has been ahted by subtracting thé,

amplitude (obtained by a best fit method) from éxperimental DMA curves in
the region of zero dc-magnetic fields.
In this way, DMA represents a complementary metltoat allows the

estimation of the intergranular JJ's quantity,;, as well as the extent of
superconducting phas¥,, and the values of intragranular dephasing magfietd,

B,. Applied to neutrons irradiated samples, this weths very useful in

characterising the influence of heavily ionisingiaion onto the HJS. Accordingly,
in the present paper we report the results of togiiess by direct microwave absorption
(DMA) on the neutron irradiated Li (2 at. %.) dopgBa,CusO;5System.

2. MATERIALSAND METHODS
2.1 SAMPLES
Polycrystalline samples of the YR2wsO,5:Li (2 at. %) system were

prepared by the conventional solid-phase reactiomfa mixture of high-purity
starting materials ¥0;, CuO and BaC® Li was introduced by adding of LiOH.
For this purpose, appropriate amounts of theserialatevere calcinated at 953G for
20 hours in flowing oxygen. Regrinding, pelletipatiand a final sintering under
the same conditions completed the process [5].iBus\vnvestigations [6] showed
that the samples are single phase orthorhombic,GB&-s with an important
amount of large (<10Am) and well matched grains (like the bricks in diwa
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2.2 IRRADIATION
The irradiation with thermal neutrons was performaéthe VVRS nuclear reactor of
the National Institute for Physics and Nuclear Begring-Bucharest at the following
fluencies: 1&cm? 5 10'cm? and 18%m? During irradiation, the sample
temperature was maintained below’@0by using an appropriate cooling system.

4
5
=
?
S
%
o
s
o Fig. 1. The experimental DMA
curves of the YBZCuO;5:Li (2
at %) system, before (1) and
after the thermal neutron
1 1 irradiation at: 16cm? (2), 5
0 L 10cm? (3) and respectively
Magnetic field (T) 10'%cm? (4) fluencies.
2.3 DMA MEASUREMENTS

The microwave absorption investigations by DMA noethwere carried
out with an on-line, X-band (9 GHz) home-made gpeceter, at an incident
microwave power of the 3 mW. The magnetic fielduaitibn has been monitored
by the means of a digital teslameter with an avemgcision of 0.1 mT.

DMA experiments were performed at 77 K, by sweeglogvly the steady
magnetic field from -15 mT to 1 T in 2 min. All thteme the sample has been
placed in the maximum of the microwave magnetitdfi®&ore details concerning
experimental set-up, spectrometer sensitivity arehsurements reproducibility
have been previously described in ref. [3-5]. Ferthhe signal amplitudes were
reported at the same amplification and at the ssanmgle quantityi.e. 10 mg.

3. RESULTSAND DISCUSSION
The experimental DMA curves are reproduced in Figahile the

numerical values of corresponding parameters: meagnetic field FR ;) and
SR (Y,) amplitudes, as well as the intragranular deplgasiagnetic field B,

(determined using a best-fit method) are given abl& 1. In interpreting of the
45
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experimental data, it must be taken into accouatfdlat that the concentration of
neutrons induced defects monotonously increaséstiét neutron fluency.

A careful analysis of the DMA curves of all irratid samples shows the
same peculiarity: flathness in the microwave absomparound 0.5 T that in fact
represents a small deviation from the exponerdialdf the SR described by eq. 1.
In order to evidence clearly this effect, we suttd from the experimental curves
the exponential ones as determined from the fitthaf experimental data at
magnetic fields lower than 0.15 T and higher thaoua 0.7 T (Fig. 2). At all
irradiated samples we have noticed the presendhi®peak whose amplitude is
strongly influenced by the neutron fluencies. hsaaincreases monotonously with
the neutron fluency and reaches its maximum fod's dm?.

04r 04r
7 02 02}
z
E
=l
[
2 oot WWWMW/W 00
8
E
g
5
2
< 02 02f
H
a

04l . . . . . o4l . . . . .

0.0 02 04 06 08 10 0.0 02 04 06 08 10
B(T) B(T)
04r 0ar
510 e’

7 02F 02
g
5
>
g
5 oor 0.0
8
E
g
S
@ 02
< 02
s
3

04

. . . . . . sl . . . . .
0.0 02 04 06 08 10 0.0 02 04 056 08 10
B(T) B (M)

Fig. 2. The SR peaks of the YBawO,s:.Li (2 at. %) samples

The variation of the dephasing magnetic field}, | reflects very well the

evolution of the phase structure: it decreases aft¥cm? fluency, when 123-
phase was disordered and recovers almost at tied walue for 5 18'cm?, which
led to a well organised 123-phase (Table 1). At $hene time, the density of
intergranular JJ's maintains a very low and nearbensitive value to irradiation,
in total agreement with the MAMMA investigationg.[5
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The experimental data concerning both SR peak aneay, parameters
support the initial assumption made on the basistAMMA results that certain
initially non-superconducting intergranular zonesrevactivated at T > 77 K by

irradiation. Some of such zones, with closed to 77 K, can act as efficient

intragranular pinning centres if the steady magnétld normalises them [7],
determining, in this way, the slow growth of intragular dephasing magnetic field

B, after the highest fluencies (Table 1).

It must be emphasis that the SR peaks reflect gwmlupeak effect
described in ref. [8-16]. Such peaks mark the oblthe surface as a source of pre-
irradiative defects that constitute accumulatiomties for the point defects
generated during irradiation. By increasing the nedig field, the small zones
containing clusters of point defects coalesce twgedind become pinning centres.

Table 1.
The MAMMA [5] and DMA parameters of the YBawO-5.Li (2 at. %) samples before (1) and
after the thermal neutron irradiation atotn? (2), 5 16’cm? (3) and 18 cm? (4) fluencies.

s | MAMMA DMA
ample T™ K AT™ K Yo (@u) Y, (@u) B,
1 843 >3.0 0.07 90  1.02+005
YBa,Cu,0r5 2 83.1 <3.0 0.08 119  0.79+0.03
2at. % L) 3 857 23 0.10 131  0.96+0.03
4 813 4.0 0.05 171 0.96+0.03

- a.u. stands for arbitrary units.

4. CONCLUDING REMARKS

Sintered samples of Li (2 at. %) doped ¥B&O;; have been irradiated at
room temperature with thermal and epithermal negtrd’he pecularities of the
irradiative changes induced on the 123 phase ew@tkrby direct microwave
absorption (DMA) method are presented and discusa@@r irradiation, the
superconducting properties of the 123 phase werdified depending on the
neutron fluency. Increasing the fluency, as evidenoy previous MAMMA study
[5]: the phase structure supports initially a dikwing, then a re-ordering
accompanied by a significant increase of the awe&dical temperature after 5

10"'cmi? irradiation; at the highest fluency (fem?) the T™ decreases denoting
the degradation of the 123 the phase. The intragmamephasing magnetic field
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By, the DMA parameter associated with the magnettd fdependence of the
critical current density, reflects the evolutiontbé structure, with a decrease after
first irradiation (5 1&'cm®) followed by an increase at higher fluencies. Aveot
interesting peculiarity is the presence of a flathef the DMA curves around 0.5 T
that manifests only in irradiated samples, intagatdy us as a peak effect.

Acknowledgement: This work has been performed within CERES, n2@82 project
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Kogalniceanu 1, RO-400084 Cluj-Napoca, Romania

ABSTRACT. Positron Emission Tomography (PET) is a new technigue
medical imagery. This technique is based on simetiaa detection of 511 keV
gamma annihilation radiations.

This annihilation radiation is generated by anatttih of a positron wich came from

aB’ radioisotope. Using a Am-Be, Pu-Be neutron sowe@roduceS " isotopes with

a longer half life. We try to us&*Cu, *“Cu produced radioisotopes in g — y
coincidence assemblage. This assemblage is theflddssitron Emission Tomography.

1. Introduction
TheB" radioisotopes currently used in medical images:'a€, “°F ,

BN, 0. They have a half life time between 2 and 110 teiSUPET imagery is
focusing on production of short liv8* radioisotopes likE€N , *°O, [1].

Other B" radioisotopes were investigated in order to discothe
advantage of applying them in medical imagery. lmclear medicine, if a
radionuclide disintegrates in other mode th&h it is necessarily thaf3™ or y
emitted energy to be very low.

2. Production of ®Cu isotope
The reaction of cooper with neutrons can be writteing the next formula:

®Cu+)n - Cu+y 1)
The cross section for thermal neutrons®f@u is 4. 5 barni, [2].
In Fig. 1 we noticé*Cu decay scheme:

12.700(2) hr.
1+ [1]

Q =1675.10 Q=578.8

Fig. 1. “Cu decay
scheme|[3].

1345.77(6) 0.473(3)

stable 2= 9/ 30 In
SaNi
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It can be seen that this radioisotope has a 12urshhalf time and it
disintegrates botl* andp’. Thep” spectra have a maximum at 578. 7 keV, and
average} energy of 67 keV, [2].

We use thermal neutron from®Am-°Be, 2*Pu’Be sources
(~10° n/ sC&m’-fluence) for the production ofCu isotope. Some Cu sample
(optical spectrometry purity) were irradiated the6 hours and we recorded the
spectra in 5 minutes. The gamma spect™@i is represented in Fig. 2.

i

Humber of pulses
—

143 511 Energyikev)

Fig. 2. ®Cuy spectra

We can be seen the presence of 511 keV annihilpgak so it is certainly
that the probe contaifi¥Cu. This radioisotope was applied to an PET experim

3. Theoretical problem of coincidence measurements
Suppose that we have a radiation source that e¥hisnd we want to
determine the source activity by coincidence meaments. (see Fig 3)

ﬁ\ S
i} B 0 ma: Fig. 3. Theoretical

1(8) T — coincidence

measurements

S S,
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The assemble of detection consists in 2 identical(N) scintillating
crystals ($respectively 9. In this case the counting speeds on every chaine
detection are [4]:

R = 9.6\, 2

R, = 9,6, 3)
And the counting speed of real coincidences is ddnn

Riza = G121\ e (4)

If measurement time is much shorter than half tifiee then the activity of the
nuclid is:

A = (Rle - Rfle)(Rsz - RfZTm) — (Nl B Nfl)(NZ B Nf2) (5)
R:I.ZaTm2 NlZaTm

By counting the number of coincidendd,, corresponding to counting
speedR,,, we can determine the real number of coinciden@esis the response
time of assemblagél,, measurement time) [1].

2r
N12 = N12a +T_r(N1 - lea)(Nz - NlZa) =

m

(6)
21, 21, 21,
= N12a|:1_ Tm (Nl + Nz)} +f N1N2 +f N12a2
BecauseN,,, << N,, N, we can ignore thd\,,,* term.
Than we have:
21,
N12 - Ti N1N2
Nygs = —5—" ™
1-25(N, +N,)

m
In PET analysis this formula is useful for calceldahe real number of
measured coincidences. This formula is appliedefary investigated point and
finally it is obtained the real image of investigatorgan. [5]

4. PET measurements

The PET assemblage consists in 2 detectors witfT)atintillating crystals.

In a middle of these two detectors we pétNa source, more strong as our
®Cu with an 60 cm distance between detectors. Fst &xperiment and the
installation calibration we used®@a source and n8fCu becauséNa has a half
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life time of 2. 6 years much longer then time ofasiwrements and also, it is not
necessarily to correct the loss of activity duringasurements (the measurements
take up to 2 hours and,Ifor ®*Cu is 12. 7 hours).

1st DETECTOR RADIATION Ind DETECTOR
SOURCE
B T P S —
E11 511
keV keV
¥ ray: ¥ ray
1si Ind
DISCRIMINATOR DISCRIMINATOR
COINCIDENCE DELAY | |
GATE LINE
ELECTRONIC
COUNTER

Fig. 4. y — y coincidence assemblage

After the radiation is detected by the Nal(Tl) rgitiating crystals, the
electric signal corresponding to it goes to a dlisicrator, wich permits the pass
only of an interval of voltage, corresponding ospecific energy. We obtain the
spectra using short intervals of voltage window)of V. So we obtained that the
511 keV peak energy is located between 2. 7 V aidd\3

Fig. 5. Radiation from annihilation of
positrons using short intervals of voltage

Number of pulses
N W
o O
o o
[l [l

[EnN

o

o
I

o

¥ a2 ¥ ™

Amplitude of pulses (V)
52



THE PRODUCTION OF*“Cu FOR PET EXPERIMENTS

3400
3200
3000
2800
2600 -
2400 H
2200
2000

Number of pulses

-7-6-5-4-3-2-101234567

Distance (cm)

Fig. 6. Varying of coincidences with the source position

If the source is moved between these two deteetersbtain a curve with
a maximum in a central zone. This curve has to bdified because of varying of
the solid angle when moving the radiation sourde/éen the detectors.

For that we count the 511 keV pulses from evenedet in different
points and we obtain the variation of the deteetedihilation rays with the solid
angle. The measurements take 30 seconds for ewergtigated point.

After that we applied the next correction formula:

Nreal = Nmasurat_ k(Nl + NZ) (8)

After appling this formula for every experimentaimt and fitting these
points by a Gaussian curve it is obtained an alrpesfiect concordance between
the experimental points and the approximation ciumibe central zone, Fig. 8.

By measuring the FHWM we obtain a value of 4. 5 @ims is the spatial
resolution of the assemblage.

000

1400 4

1200 4

'_

6200

Number of pulses

—3000

6 -6 -4 -2 ] 2 4 [

® Bistance (crr% ) 4 Distance (cm)
Fig. 7. The varying of the detected Fig. 8. Spatial resolution
annihilation rays with the solid angle of the PET assemblage

for every detector
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5. Conclusions:
- The advantage df" radioisotopes is that these radioisotopes carsbd u
also in scintigraphy. It is only necessary to aalib the peak energy for 511 keV
corresponding tg/ annihilation radiation

- We produced®Cu radioisotope was produced using thermal neutrons
from isotopic neutron sources. The maximum actinitigiced is approximately 0u&i.

- Cooper is in a lower toxicity class th&iTc, currently used in scintigraphic
imagery.

- Using our PET assemblage wittf’Ala source we determine the position
of the source with a precision of 4. 5 cm (FHWM)dadelay between the
annihilation signals was .
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ABSTRACT. This paper presents an alternative method forcieffcy and
resolution calibration of the gamma systems. Basethe best algorithms of two
data acquisition softwares (Assayer provided byb@aa Company and Gamma
2000 provided by Silena Company), quantitative ganamalysis was also made.
These softwares are frequently used in the spdalmratories.

The measurements were performed on two gamma Nad(Elyzers. Both
systems contain Nal(Tl) detectors coupled with P@sgTennelec PCAP model
and 93xx model, installed on PC ISA port) as mbuhHitnel analyzers. For
accomplishing gamma analytical tasks, Assayer oty Gamma2000 as
Windows based MCA softwares were used.

For rapid calculations, we developed a relativelhors program written
entirely in Java (J2SE - free released by Sun Mystesns Inc. ).

Finally, a comparison of quantitative analysis gsthis alternative method
and the two softwares, above mentioned, has bede.ma

Keywords. gamma spectrometry, Assayer software, Gamma20@vase, efficiency
calibration

INTRODUCTION

In many specific laboratories, the Nal gamma detsctoupled with PC
cards as MCA (multichannel analyzers) for data eition are used [1-4]. Two
Windows based softwares, Assayer (distributed bywb€aa Company with
Tennelec PCAP PC card model, for instance) and Gat60 (distributed by
Silena Company with 93xx PC card model, for instdrare frequently used for
accomplishing gamma analytical tasks. Both softwgseesent advantages and
disadvantages for solving several tasks as follows:

a) Peak search and peak identify functions

For automatic peak search, these softwares gepersdl a peak finding
algorithm based on convolving the spectrum with ohgeveral “filters”. The most
commonly used filters are: 1) second derivate ffoth softwares), 2) variable
width top hat (Assayer), 3) gaussian filter (Gam@@® [5,6]. Then, a region of
interest (ROI) over the peak is created. To gentitearea of the selected ROI from
the raw data, a continuum correction (continuumkbeaund correction) is made
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by calculating a straight-line subtraction of thenttnuum spectrum in the
neighborhood of the peak [5]. For these tasks toptmperly performed, the
softwares let the user to adjust several paramsters as: the statistical test for
choosing the manner which the peak is regardee@ widnificant, the search mode,
based on filters above mentioned, and the numbehafnels on each side of the
peak in order to perform the continuum backgrouadection. Generally, these
softwares perform the peak search and the ROl adtalations very well, but in
some cases, such as the case of the spectrum \aitly peaks and multiplets,
especially the Gamma2000 software does not progetiie these tasks. Therefore,
in these cases, it is recommended to execute aahaetting of the ROIs for
further calculations.

For identification of the peaks, both softwares aseulti-pass correlation
technique to determine what isotope (from the asbgeted library) each line is most
likely to represent [5,6]. First of all, it is nessary to edit an appropriate library and
also a good energy and resolution calibration gsiired for good identifications. An
adjustable parameter is the energy window, withio tines are considered to be
matched. Unlike Gamma2000, the Assayer softwasetet possibility to execute a
manual setting of the desired isotope for eachdfribe spectrum.

b) Amplifier.

Assayer provides the coarse gain control (bruteistdjent of the bias
voltage) and the fine gain control (fine adjustmehthe bias voltage) to produce
an overall amplifier gain, so it was possible tdaege the energy range by
decreasing the voltage until the maximum energyesalas about 3000 keV. Thus,
the frequently measurement of 232Th by its daugBG8TI, which present an
energy line of 2614 keV, can be done. The fine gaintrol can be used for
adjustment in the case of the system instabilifit implies the slight displacement
of the known peaks (e. g. calibration source).

Generally, Gamma2000 has three data acquisition emoalvailable:
internal amplifier silena probeandexternal amplifier[2]. In this study, only the
“silena probe” mode is available. In this mode yathle fine gain adjustment could
be performed, thus the maximum energy value wasitaB400 keV, which is
insufficient for 232Th determinations.

¢) Ambient background subtraction

Assayer performs this correction as follows: A ahmelnby channel
subtraction is done of the ambient background spect(previously measured
spectrum - when no sample is in detector) fromstmaple spectrum [5]. For good
statistics, the ambient background spectrum shbeldneasured on appropriate
acquisition “live time” (unlike the real time, tHe time takes into account the
detector's dead time). This algorithm is not quj@od because the continuum
regions are also subtracted.
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Gamma2000 provides a superior algorithm: first, peak search and the
ROIs setting are performed (manual adjustment Ilswad) and then, the
calculations of the net areas are made by continbackground corrections, both
for the background spectrum and the sample spectitfith a preset energy
window (e. g. 20 keV), within energy lines are ddesed to be overlapped, the
subtraction of these corresponding net areas isen@ld This correction can be
used in quantitative analysis but it is not allowfed the efficiency calibration
calculations although, unlike Assayer, the selfeabgon correction can be
performed in both cases. If we suppose that théoaative source used in
calibration is significant strong compared with #wabient background, then the
ambient background correction can be neglected.

d) Efficiency calibration

Assayer works with a complex efficiency functiomhich has two main
terms. The first term relies on the type and thegsmlal properties of the detector
(in fact, it also contains several terms). Thisrnterontains several constants and
variables, which are not shown in the efficienciibzation software report. Thus,
it is difficult to use the report generated effioty equation for software
independent calculations. The second term is thgnpmial function of energy.
The corresponding polynomial coefficients, calopthfrom the fitted curve, are
shown in the efficiency calibration report. The deaquare fit on the plotted
energy-efficiency pairs is previously made. Therusen eliminate the unsuitable
peaks, therefore an appropriate efficiency calibratan be performed.

Gamma2000 provides a good algorithm for the efficy calibration: The
user can choose either the spline interpolatiormatefor fitting curve, which work
very well for Ge detectors, or the polynomial imt@iation method, recommended
for the Nal systems [6]. In this last case theasfibased on two polynomes, which
are used below and above the crossover energglfrgy of the junction between
these two calibration polynomes). On both energygea the least square fit is
performed and the final report presents the polyiabrooefficients for both
efficiency equations (Ln(eff)=f(Ln(E)). These eqoas completely describe the
energy dependencies of efficiency and can be usednflependent software
calculations. The user can not choose the valugassover energy, and also the
selection of the polynomial order is not allowedhus, the adjustment is limited
only to the possibility of the peak elimination.

e) Final activity calculations

Both softwares perform calculations of the activity each peak. If the
spectrum contains two or more peaks that deschibesame isotope, then a final
weighted average activity is computed. When thetspm presents a peak, which
corresponds to the multiple isotope lines (multgle the Assayer software
computes an average weighted efficiency and takies dccount the sum of the
theoretical intensities of the spectral lines fea activity determination [5].

57



D. FULEA, C. COSMA

In some cases, both softwares raise illegal exzeptand the applications
are terminated. Sometimes, the users of Assaydéwaaf can find unexpected
difficulties in editing the appropriate activity t@afor the efficiency calibration
protocol and in editing the preset live time osaving the tools setup parameters.
When the efficiency at a high energy (e. g. 260@)ke small, such as a value of 0.
6%, the Assayer software can not computes theigctnd a “division by null”
exception is raised (the efficiency is consideretd null).

In the following section, we present an alternasigtiware independent method
for gamma analysis based on acquisition data @utdiom Assayer software report.

SOFTWARE INDEPENDENT METHOD:

The calibration of the gamma system was perforlmedpectrum analysis
of a low activity 152Eu source in water equivalgotume geometry (433 Bq +/-
5% on the measurement date). The acquisition tonedurce and background was
2 hours respectively 19 hours. In the case of Npl{fEtectors, the efficiency
calibrations are not very rigorously because ofsthlistical errors due to the fact
that we used a low activity source, 2) in comparigadth the Ge detectors, the Nal
detectors imply significant high values of the taton, which affect the shape of
the spectrum (also, the Compton effect is strong) #uwe multiplets appear as a
large glob), thus the further gamma analysis dextdd. The quantitative analysis
was executed on the calibration source spectriati,itberefore the self-absorbtion
correction was indirectly considered.

The method, which will be described in this parabtais based on data
acquisition using gamma system with Assayer softwhr this case, a relatively
large energy range is used for further 232Th detextions. The obtained energy
and resolution calibration data are presented bél@ulel and Fig. 1-2):

The fitting curves were obtained by applying thast square method and
the results are comparable with those derived fA@sayer software calibrations.
The last two values, from table 1, was considecedigh energy evaluations. The
obtained resolution of 7. 17% (full width at halewimum of the peak, FWHM =
47. 44keV) at the energy of 661. 62 keV is quitedjdaking into account that the
active diameter of the gama detector, used herelagvely large (5. 5 cm).

The next step, was the ambient background analgsizy the previously
described Gamma2000 algorithm. Two peaks, whichspanding energies of 36. 29
keV respectively 1404. 65 keV, were consideredet@propriate in order to perform
the ambient background subtraction. To apply thigection, we propose the following
expression (the peaks must satisfy it, otherwisgmbbient correction is made):

AE < k* (FWHM1+ FWHM?2);k =1/4where: Q)

AE is the energy difference of the coresponding gndirges from the sample
spectrum and the background spectr&ftWHM1 and FWHM2 are expressions of
the ROI resolutions.
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Table 1.
Energy and resolution data obtained from 152Eu ieldm

Center Energy Energy Error FWHM FWHM Error

(ch) (keV) (keV) (%) (keV) (keV) (%)

from calib. from calib.

21.3 41.01 36. 29 11. 50 12.04 12. 46 -3.|52
41.7 82.01 83. 63 -1. 98 14.94 15. 28 -2.127
57.6 121.78 121. 17 0.50 16. 09 17. 49 -8./169
77.8 162. 79 169. 66 -4. 22 18. 84 20. 31 -7./82
107.5 244.7 242.58 0. 87 27.43 24. 5( 10,68
147.5 344. 28 343. 85 0.12 33.42 30.19 9./66
304.7 778.9 775.97 0. 38 49. 77 52. 86 -6.|21
366.5 964. 13 960. 73 0.35 57.51 61. 76 -7./38
411.5 1101. 04 1100. 55 0.04 74.84 68. 1y 8./91
504. 8 1408. 01 1404. 65 0.24 80. 75 81. 1y -0/ 53

650 1916. 00 100. 12

850 2696. 28 121.98

The efficiency calibration was performed using @emma2000 algorithm
and taking into account of the ambient backgroundection. From the real peaks,

we evaluated the corresponding efficiencies udieggeneral expression:

where:

eff (%) = 100N/t = Nf/tf
AY

(2)

N, Nf are the Assayer generated net counts correspordirthe source ROI
respectively the background ROI,
t, tf are the data acquisition live time for both spectr
Ais the activity of 152Eu source at measuremerd,dat
Y is the energy line intensity where efficiency adoulated.
The efficiency error was calculated by taking iatttount the net area error
and the source activity error, based on the geegpakssion (without correlation):

Sé= ;[g—;j S(x)?

where:

Scis the composed error; in our case it represhetgfficiency error,
f is the function ; in our case represent the eficy expression (eq. 2),
Xi are the variables having(xi) as uncertainties . In our cabk Nf and A with

corresponding errors are involved.

3
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With these considerations, we obtained the vahoes Table 2:

Table 2. Efficiency determination and associated uncetitzsn

Efficiency

Channel Energy(E) | Efficiency | Error | Overall (%) Fit error
(center) (keV) (%) error(%) | From calib. (%)

21. 31 36.31 8.43 0.02 8.43 0.00
57.57 121.10 7.80 0. 0% 2.91 7.80 0.00
107. 71 243.10 5. 04 0.16 6. 87 -36. 22
147. 65 344. 24 5.24 0. 06 5.24 -0. 06
304. 85 776. 40 2.04 0. 09 1.92 5.76
366. 50 960. 73 1.14 0. 08 1.51 -32. 97
410. 98 1098. 91 1.64 0.0b 1.33 19.19
504. 73 1404. 41 1.04 0.04 1.09 -5.21

If, Ec is the crossover energy, two polynomes, as functib energy,
havingn respectivelym order, were choosen on (Q}Eespectively (Emaximum
energy value) energy range:

f(E)= ay+aLn(E)+...+aLn(E)", E<Ec (4a)
f(E)= bo+b;Ln(E)+...+b,Ln(E)", E>Ec where (4b)
ay,. . an,bo,...bm are the polynomial coefficients which will be esgited.

Generally, ifx, andy; are the pair values for the plotted functif{®) is the
proposed analytical function, the least squarenfithod requires that the follow
expression to be minimized:

S:Z[yi - £(x)]* =min (5)

In our cases is Ln(E) andy; is efficiency (%) at energh. Similarly, X is
Ln(E.) andy. represent efficiency (%) at the crossover energy.

Let p; andp,, the number of energy-efficiency pairs on both sidkthe
crossover energy.

With these considerations, we computed the follgvérpressions:

0S/0a=0, 0S/obj=0 (6)

Taking into account the continuity equation at smy@r energy, we obtain

the following equation system (n+m+3 variables wittm+3 equations):

Py Py Py Py
ao[Z_l: 1+1]+al[; XiHX ]+ ...+ ah[Z_l: XX = 1 yitYe

Py Py Py Py
al Y, xitxdtal D xPHxT+ Hal Y X H= D xyityoxe (7)
i=1 i=1 i=1 i=1
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by Py By by
30[ z Xin+ch]+a-1[ z Xin+l+XCn+l . +a=1[ z Xin+n+xcn+n]: z Xinyi+ycxcn
i=1 i=1

i=1 i=1

bo[i 1+1]+b1[§: Xi+X]+...+ bm[i XX i Vitye
i=1 i=1 - =

P2

P2 P2 P2
bol D xitxd+bal D XX+ o D XM= D Xy ity
i=1 i=1

i=1 i=1

P2 P2 P2
bo[ Z Xim+xcm]+b1[ Z Xim+1+xcm+l]+- . +bm[ Z Xim+m+XCm+ — Z Ximyi+ycxcm
i=1 i=1 i=1

i=1

agtayXct... +axe =bgtbiX+. .. +opx "

To properly solve this equation system and tolyabkiange E, p, and g in
order to obtain a good efficiency calibration, weveloped a relatively short Java
program (J2SE- free released by Sun Microsystems)IriThis program, read the
input energy-efficiency pairs,.Ep and p, put the system in matrix form and then
solve it, using the Gauss elimination method foedir equation systems [7]. We
did not consider the efficiency at 243. 10 keV hesgait is less then the efficiency
at 344. 24 keV due to the measurement errors ofNgdesystem. The following
results (Table3 and Fig. 3) are for the case timttossover energy has a value of
300 keV and the both polynomial order have a valud, in order to provide the
best fit.

The general form of efficiency function, used hése,

eff(%)=f(Ln(E)) (8)

Table 3. Equations coefficients and crossover valuesffariency calculations

coeff. 1st polynome 2nd polynome Crossover eff. (crossover)
Java calc. Java calc. (keV) (%)
Co 81. 53578509 262. 7532264
C -49. 50207102 -101. 1794431 300 6.17
C 11. 0967569 13. 0780933
Cs -0. 830078125 -0. 565584396
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Efficiency calibration

Efficiency(%)
ORrNWAUION®O®

530 1030 1530 2030 2530 3030
Energy (keV)

w
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Fig. 3. —Efficiency calibration

The average fit error was 12. 42% and the effigtecemputed from the
fitted curve at the energy value of 344. 24 keV wag4% (table 2). At 2600 keV,
efficiency has a value of 0. 8%, so it is possibleompute the 232Th activity by
208TI determination in further calculations (th#f-sdvsortion at this energy can be
neglected). We also mention that we was interestedbtain good results,
including the shape of the curve, only for energiigher then 100 keV because the
low energy determinations are not performed udiegNal(Tl) detectors. Using the
same source (152Eu) and a 75X75mm Nal(Tl) detectwpled with a four
channel gamma analyser (NY-424-Hungary) an effjerof 6. 5 % was
determined for 344 keV energy [8]. In our case, 55Xm detector, the founded
value was 5. 24 % (see Table 2 and Fig. 3)

For minimum detectable activity (MDA) estimation @ach ROI, we
consider the Assayer algorithm as model. BasederPbisson statistics, which is
specific to the nuclear desintegrations, this ma@dsiumes the following equation
for MDA [5]:

MDA=(2. 71+4. 65\ K /(t-Y-eff) where: (9)

K is the continuum background count,

tis the sample spectrum live time,

Y is the line intensity of coresponding energy,

effis the efficiency at the coresponding energy.

The MDA error is evaluated based on the generalessjion (eq. 3) where,
as variables, we have the efficiency error ancctrinuum background error.

All errors involved in the final results are givewith a 95% confidence
level.
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We also used the Assayer algorithm to estimatditia activity. If w; is
the weighted factor defined as:
w;= Ai/S where (20)
Al is the activity computed from spectrum line i,
S is the uncertainty associated tg A
the final activity is:
2 WA

A= ———— | with uncertainty: (11)

W
2w’S”®
> [ w]®

The 152Eu source presents an activitl@g8Bg+/-5% at the measurement
date. Obviously, the activity value computed froatte peak is statisticaly greater
then the corresponding MDA.

The computed activity at the reference peak of 28keV and the final
activity, evaluated using the above mentioned dlgmis, are as follows (Table 4):

(12)

Table 4. Activity calculations for 152Eu source

Method Activity at 344. 28 keV Final activity
This method 432.27 +/-9.16 Bq 435.65 +/-9. 81 B
Assayer 426. 90 +/- 22. 80 Bg 429. 00 +/- 14. 16 Bc
Gamma 2000 525. 14 +/- 5. 98 Bq 429. 77 +/- 121B§5

CONCLUSIONS

These softwares, present advantages and disadeardag we developed
an alternative method based on the best algorithisssayer and Gamma2000,
for accomplishing the gamma spectrometry tasks.

Sometimes, a manual setting of ROIs is the besicehthat user could
have, in order to perform further good analysis.

The ambient background subtraction is properly fopered by
Gamma2000, but this correction is not allowed ditiehcy calibration routine.

With all these methods, it was obtained good tedok the final activity,
but for the activity determination at a referenamalp of 344. 28 keV, only this
method and the Assayer one provide appropriatdtsesu

Using Gamma2000, in conditions presented abovés impossible to
evaluate the 232Th activity by its daughter 208T2@&00 keV (the best solution for
Nal systems). Using Assayer, we can perform onfy isdependent calculations
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for this kind of determinations. These 232Th deteations are frequently
performed in our laboratories.

The errors involved in final Gamma2000 calculati@ms relatively big,
due to the fact that the all peak interferencesaeasidered [6]. Therefore, a better
isotopic library configuration is required.

Performing manual calculations, based on the Asssy#ware generated
report, which present the acquisition data inclgdime efficiency values, we found
some errors in the Assayer calculations, espe@ialthe uncertainty estimation of
the peak activity.

Finaly, to evaluate the final activity from onlyn@® peak, the software
independent method, which is presented in this papevide the best result.
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ABSTRACT. Hydroxyapatite (HA) coating is the common apploéa improve
the biocompatibility of orthopaedic and dentalritem-based implants. Biologically
active HA being similar to the mineralised bonsuis may be developed under
vivo simulated conditions. An important aspect is thiditglio nucleate HA type
crystals from a simulated body fluid. The effecttbe bioactive phase developed
on the surface of titanium-hydroxyapatite samples wvidenced by microscopic
analyse after soaking for seven days in simulataty fluid. These materials are
promising for developing hard tissue implants wgihod mechanical properties
and high bioactivity.

Introduction

Functionally graded materials (FGM) consisting adtallic and ceramic
components [1] are well known to improve the prtipsrof several systems such
as medical implant devices. Hydroxyapatite is knaavbe both biocompatible and
bioactive material, however, due to its poor meatanproperties and design
limitations is not suitable for applying as a loaearing implant. This could be
overcome by using appropriate metallic enforcerhwitydroxyapatite [2-4].
Titanium implants have a thin oxide surface layenjch may explain their good
biocompatibility [5]. These solutions allow impraladhesion strength of the load
bearing metallic component to the bone, resultinghiorter healing periods as well as
predictable behaviour of the implant for longeripés of time. There are different
techniques of producing HA appropriate for theseppses. Sol-gel technology
offers an alternative technique for producing binva&csurfaces for improved bone
attachment. Ti-HA sintered powders shown to inddéeformation upon exposing
to simulated body fluid [6-8]. In the last time @l method is conventionally used
to obtain HA powder or thin film coating [9, 10].

This paper deals with a new class of active FGNuding sintered titanium
with hydroxyapatite that can ensure a bioactivéaser phase. The focus is on the
characterization of the structure of the gradee@rldefore and after immersion in a
simulated body fluid as the development of an adtiyer is expected.
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EXPERIMENTAL

Titanium powder (0.01%Fe; 0.01%Al; 0.001%Si; 0.05&)Mvith the grain
size of 63 - 10Qum was used. The powder was obtained through theatigg —
milling — dehydrating process and the grains displapecific shape. Hydroxyapatite
was obtained through a sol-gel technique, burntraitidd to obtain a powder with
the grain size of less than 4@n. Samples with 5 weight % hydroxyapatite were
mixed in a tubular mixer. Powders were pressedamyying a forces of 30 kN in a
rigid die with the surface of 0.5 émwithout the use of any lubricant. The compacts
were subsequently vacuum sintered®(fdr) at 1160°C for 60 minutes, with dwelling
stages at 200, 600 and 800°C.

The phase of hydroxyapatite type was prepared lbrgedomethod. The
precursor reagents were calcium nitrate Cafpl@s a source of calcium ions and
ammonium phosphate (NHHPO, as the phosphorus precursors. The molar ratio
of precursors Ca/P was 1.67. The distilled watéutim of phosphorus precursor
was added to the calcium nitrate solution heate@0¥t. After mixing the sol-gel
was washed at room temperature and dried for 2thidGC. The dried sol-gels
were heat treated in air for 3 hours at 900°C and thour at 1150 °C.

X-ray diffraction analysis (DRX) was carried out powder and sintered
samples using a Bruker Avance diffractometer. Thkk ldensity of the samples
was determined using Archimedes method. Bioactivig investigated by an in-vitro
test. The samples were soaked in simulated body (6BF) solution. Exposure
experiments in SBF of pH 7.4 [11] were conducte@@atrC in polystyrene vials.
The surfaces were characterized by optical micq@gcdhe microstructure on
randomly selected areas was observed with a stgpdoal microscope Nikon
Eclipse E200 equipped with CCD camera Nikon Koofd@s.

RESULTS AND DISCUSSION

The density often inferred as bone mineral denisitgxpected around
2.982¢g/cnt [12]. The density of bulk pure titanium is 4.50/Zm°. To overcome
this additional disadvantage many attempts have beae to reduce the density
and to induce the bioactivity of titanium implantterials by sintering metallic
titanium powder and bioactive inorganic filler. Thalk density of Ti-HA studied
samples is encompassed between 3.05 and 3.08. glitrese values are very
convenient for orthopaedic biomaterials.

X-ray diffraction patterns (Fig. 1) of the sol-ghldroxyapatite type
powder show in the as prepared sample a largetstalialisorder degree and the
occurrence of relatively large peaks correspontiingrystalline calcium phosphate
(marked with= in Fig. la-c), while the applied heat treatmeniduce the

crystallisation of several apatite type crystalsifked withe in Fig. 1b and 1c).

The surface of the sintered samples was charaadeny optical microscopy.
Homogeneous mixtures of the two phases enterirag thctionally graded materials
are evidenced, as can be seen in Figure 2a. Dhe tact that from XRD patterns (Fig.
68
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3a) onlya-titanium lines of metallic phase [13] have beegntified one can assume
that the second phase consists of vitreous calphwsphate or very distorted crystals.
The titanium metallic phase seems to be form bgtaly preferentially oriented to the
sample surface. These effects on the both phasesiarto the relatively high sintering
temperature (116Q) and high pressure used for samples processing.

(a)

Lin (Cps)

=

2-Theta - Scale

Fig. 1. DRX patterns of théa) as prepared sol-gel sample

(b)

Lin {Cps)

2-Theta - Seale

Fig. 1. DRX patterns of théb) sol-gel sample heat treated at 3D@nd
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Lin {Cps)

2-Theta - Scale

Fig. 1. DRX patterns of théc) sol-gel sample heat treated at 1450

An essential requirement for an artificial matet@bond to living bone is
the formation of a biologically active HA-like layeon its surface in a body
environment [14]. Therefore these materials are akslled biomimetic systems
[15, 16]. Metallic implants are often coated witlhagter of a bioactive material to
improve bone-bonding ability [17].

In order to check the bioactivity the samples weoaked for 7 days in
SBF (pH = 7.4) and maintained between 37 anfC40he SBF contains certain
proportions [11] of NaCl, NaHC{ KCI, K;HPQ,-3H,0, MgCI2-6H0, 1N-HCI,
CaCb, N&SO, and NHC(CH,OH); (trishydroxymethylaminomethane- as buffer).
The ratio between SBF volume to sample surface wesaaround 30 m. At the
surface of the samples immersed in SBF one camabafter 7 days an expansion
of calcium phosphate phase (Fig. 2b). The microtexbf the surface is dominated
by HA type phase. On immersion in SBF, one obsetlvasthe bioactive phase is
extended at the expense of titanium phase. Thesdyp\ polycrystalline phases
developed at the surface of Ti-HA powder sinterathges after seven days
immersion in SBF have the size up to 0.35 mm amdcanfirmed in XRD pattern
(Fig. 3b) by appearance of new intense linesBat 29.5 and 35. An other effect
of the SBF soaking is observed on the titanium ouigrstals orientation on the
sample surface, that are after seven days immeirsiSsBF randomly oriented.

At the same time one remarks the tendency to fooarginuous network
of the new developed bioactive layer formed inratéon with the SBF as result
of interface interactions and cations exchangenamy with the HA type phase.

The formation of the bioactive phase could be @sliced by the Ti-OH
groups, which reveals negative charge to interattt walcium ions in the SBF.
The amorphous calcium titanate is postulated t@akyositive charge, thereby
interacting with the phosphate ions in the fluidféeom the amorphous calcium
phosphate, which eventually crystallized into HRelphase [18].
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(b)
Fig. 2. Optical microscopies from sintered 95Ti-5HA samples
(a) before and (b) and after soaking in SBF.
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Fig. 3. DRX patterns of the 95Ti-5HA samples (a) before @)dafter soaking in SBF.

CONCLUSIONS

Sintered powder Ti-HA samples were obtained asva Inieactive FGM
class. Their density is very convenient for bon@lant materials. In vitro these
materials proved to have bioactive behaviour. Tred HA type phases developed at
the sample surface after soaking for a week in SBibout hundreds of micrometers
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and trend to form a continuous network of the newetbped bioactive layer. At
the same time the titanium metallic grains, asltesduhe interface processes, are
randomly oriented.
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ABSTRACT. The most important radionuclids from water and igaBoactivity
point of view are: the uranium, the radium and thdon with it's short life
descendents.

This paperwork determinate the radium concentrdtiom underground and
surfaces waters in Dej area comparatively with istfimanian regions. We used
Luk-3A Czech device. Using this device we can deieemthe radium
concentration indirectly, after we measure the madesulted from balanced
radium-226. The direct forerunner of radon is sechhlanced with the radon-222.

The 25 samples were taken from Dej area. After tlemsurements we
obtained a 3.7 pCi/ average (the minimum value ®&%pCi/l and the maximum
value 10,47 pCill).

This radium measurements are important becauseotirees for the water
that we drink are the underground waters, so we fomasee an possible
contamination which concerns the population.

Introduction

The risc of radium exposure and the radiation &ffen living tissue have
large perspective affinity in Physics, Medicine &eblogy.

The involvement of radium and especially of radopapulation iradiation
lead to the conclusion that this element represtr@ssecond majour risc factor,
after smoking, in pulmonary cancer.

The first phase in preventing the exposure riskadium and radon is the
identification of the sources and then finding biest way to rectify the situation.

Radium is formed by uranium and thorium desintégnatin the
environment. Radium desintegratescbyadioactive emmision. Due to the fact that
uranium can be found throughout the terestrial tcreedium presence can be
considered everywhere. It can be found in soil tevatrocks, plants, building
materials and in lower concentrations in food. Ehate four isotops of radium that
are naturally obtainetf®Ra, **Ra, **'Ra,***Ra and more isotops produced by man
through desintegation [1].

The soil and rocks content iA”®Ra can be direct determined by
spectrometry or by quantity analysis’4iRn which is in secular equilibrium with
??Ra in solid or liquid samples.
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*?Ra can be determined with good precision by conisigethe secular
equilibrium with its life long parent®*Th, by a spectrometry. This last method can
also be used iff°Ra determination.

?Ra discovered by Marie Curie was used in medicedqaes and it is up-
to-dateness again as the parent of radon, theotastbecoming a real threat in
houses and work places when its concentratioroi$igh.

Radium in water

The concentration 6f®Ra and®Ra in the drinking water are usually low,
but there are areas where the high concentratioaddim is due to the geological
sources. The surface water usually has a very &mium concentration, but the
underground waters may contain higher concentraitoure to the local geology.
Sometimes the drinking water from wells may contdfRa and®*Ra at higher
levels than the standard ones.

A research project lead by the USA Public Healthvise (PHS) made a
retrospective study of the homes of 111 comurnit@s lllinois and lowa, which were
given water containing over 3pCi/l of radium [2]tdtal of almost 908.000 inhabitants
was the exposed population. In another study madthe public water from these
comunities showed that the averege level of Radiuwater is 4,7 pCi/l. [3]

According to the PHS estimations, the maximum lesfeContamination
for Radium (combined°Ra and®Ra) from the public water is 5 pCi/l.

The consumption of water with a 5 pCi/l Radium aamteation for a year
is comparable to the cosmic radiation exposurenduai single transoceanic flight
at approximately 15.000 km altitude.

The measuring method of the Radium-226 in water

Generally,?Ra, the direct parent of radon, is in secular éftiilm with
the last one. We note withr, and Ar, the desintegration constants of radium,
respectively radon, adn with gN and N, the number of atoms of radium,
respectively radon. In the case of secular equuiliby for a time t<<T;(Ra), where
T12(Ra)=1620 years, 5(Rn)=3,82 days, the parent radium desintegrati@edps
actually constant :

/]Ra
ARn

which means that the activities of the parefifR@) and the daughter
(**Rn) become equal.

NRn = NRa

Experimental method

For radium determinations, we actually measure madgsing a LUK-3A
Czech device. The special device for radon extradtiom water that accompanies
the LUK 3A device is called LUK VR.
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Seringa Janet Evacuator de gaze
de 500 ml

.-E- zaie Bl e Celula Lucas

robinet de inchidere [ | [ |

150 ml de "apé purd"

300 ml
de apd activa

Figure 1. The principle scheme of the LUK-VR device:
- 500 ml gase evacuation
- tap with robber connectors
- termometer

The procedure used for radium measurement in water

The Radon activity concentration is equal to theiwa activity
concentration, this happens after a a period ofda@s when radium can be
considered in secular equilibrium with radon. Ihtae used calculations we will
refer to radon activity concentration measuremehickv is actually the activity
concentration of radium.

The procedure can be resumed to the following steps

a) the water sample processing:

- the water samples will be taken in 0,5 | botleg vessels will be fully
filled and perfectly closed

b) the botle will be brought to room temperature ahé tvater
temperature will be noted.
c) the water sample from the bottle, after reachingildgium is

poured in the LUK-VR (scrubler) radon extractiogvite from water. After one
minute of stirring, the scrubler is connected te tlucas cell from the inside of the
Luk-3A device.

d) The number of impulses given by the sample is deaxbion a pre-
established time interval. This number of impulgeshosen so that the statistic
errors are around20% in our case, which means that the total nundder
measured impulses is around 40.
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The study results

The first stage of these radium studies was camiedn Dej area and
included the most important villages from this oegi All samples were taken on
November 2003, using the procedure mentioned above.

Cluj area has always been extremely interesting fifte point of view of a
study regarding the water and soil radioactivitheThills that characterise this
region of Transylvania and the variety of soil gwmet two of the factors that
motivate the making of this study.

The first step included Dej area, with all the gepipical interest points
and took. The second stage of the research was imatitferent regions of Cluj
area and in other regions of the country.
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Figure 2. The places around Dej
where radium was measured

Table 1. Radium concentrations values from Dej area

No Colecting place source Impulses Concentration Conc_entr.
no/600s Bq/l pCi/l

1 Cart Viile Dejului Well 15.99 0.033 1.23

2 SC.Gen. nr.2 Spring 16.98 0.116 431

3 Apa dedurizai 16.98 0.0165 0.6105
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No Colecting place source 'Mpulses | Concentration | Concentr.
no/600s Bq/l pCi/l
4 Cart. Mulaiu Well 25.98 0.2165 8.016
5 Dej Tap 12.99 0.05 1.85
6 Cart.Ocna-Dej Well 30.99 0.15 5.55
7. | Somcut Well 15 0.083 3.085
8 | Tibles nr.51 Well 12.99 0.065 2.46
9 Toroc Salted 30.99 0.285 9.48
10 | Plevnanr. 11 Well 21 0.185 6.85
11 | Dej Spring 19.98 0.1 3.7
12 | Sat Suia Well 24 0.2 7.4
13 | Cart. Sinistrg Well 5.66 0.11 4.31
14 | Gherla Tap 12.99 0.016 0.61
15 | Car Ocna Dej-Cyp Well 21.48 0.175 6.47
16 | OcnaDej1 Well 22.98 0.21 8.02
17 | Ocna Dej 2 Well 19.98 0.16 6.16
18 | Ocna Degj 3 Well 15.99 0.065 2.4
19 | Ocna Dej 4 Well 27.99 0.283 9.47
20 | Ocna Dej 5 Well 21 0.117 6.47
21 | Dej-Triaj Well 21 0.175 6.74
22 | Cuzdioara Well 21 0.175 6.74
23 | Sanmarghita Salted 24.98 0.23 8.6
24 | Sadnmarghita Well 18 0.05 1.85
25 | Sanmarghita Well 24 0.183 6.78
26 | Cart. Viile Dejului Well 21 0.117 4.32
27 | Dej Spring 22.98 0.133 4.9
28 | Dej Well 27.99 0.23 8.51
29 | Valea Copandului Well 21 0.133 4.9
30 | Orman Well 21.99 0.116 4.13
31 | Taga Well 15.99 0.083 2.96
32 | Buza Well 16.98 0.066 2.46
33 | Bortida Well 13.98 0.05 1.85
34 | Sic Well 18 0.067 2.47
35 | Iclod welll 26.98 0.05 1.85
Average 0.12 4.78
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The values obtained for the background are betw&88 and 5.33 for
t=200 sec., therefore, for 100 sec. we have a vaokg between 1.165 and 2.66.

As it can be seen from Table 1 the minimum valugioled is 0.61 pCi/l,
and the maximum value is 9.48 pCi/l. The averedeevis 4.78 pCill.

The highest values of the radium concentration wétained around Ocna
Dej.

By comparison, in Table 2, are shown the radiunceatrations in other
regions of the country.

Table 2. Results from different regions of the country

Nr | Place Source Imp. no/600s ConcentrationBg/I
1 Cluj-Napoca Tap 21 0.15
2 Alba Tap 27.99 0.233
3 Bistrita River 15.99 0.1
4 Bistrita Lake 15.99 0.067
5 Zaku Tap 21 0.083
6 Mihai Viteazu Lake 16.99 0.5
7 Mihai Viteazu Spring 25.98 0.25
8 Toplita Spring 21.99 0.15
9 Toplita thermal 19.99 0.15
10 | Zahu Tap 18 0.0083
11 | Turda Tap 18.99 0.05
12 | Ramnicu Valcea Tap 18.99 0.1
Average 0.12

From the obtained values we see a maximum val@&2& pCi/l in Mihai
Viteazu, and the minimum value of 1,85 pCi/l wataoted in Turda from the drinking
water source. The averege value is 4,6 pCi/l atitkisame as in Dej area.

Conclusions

We analised radium concentaration from drinkingewditom Cluj region
and other few areas.

The results of the study from Dej region show thifving:

The radium concentration in underground water ghhn the wells from
Ocna Dej area. There are two values closed to isémum value, Mihai Viteazu
from Alba region, and respectively Mulatau neighthmod Dej.
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The radium concentration in water has a moderasdaevin the the wells
from Dej area.

All the results of the studies about radium in Qlegion show that the
radium concentration values measured in this regiemcomparable with values
measured and given in literature and they are utidemaximum accepted values
[4]. In the ground water from a voulcanic zone ien@al Mexico were found
similary values, about 2.7 pCi/l as average [5].

To improve the statistic errors a measuring time Background and
samples is neccesary.
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University of Oradea, Department of Sciences, Oradea

ABSTRACT. The International Intercomparison Measurement of-&§ms Radon
Concentration, of Radon Exhalation Rate from BuiddMaterials and of Radon
Exhalation Rate from the Ground Surface was helérioram, Czech Republic in
September 2002. It was attended by participantgesepting 10 different
institutions from 8 countries - France, Germany,ngfary, Poland, Romania,
Spain, United Kingdom and Czech Republic. A test fair the intercomparison of
soil-gas radon concentration and of radon exhaldtiom the ground was located
in the field, at an area characterized by a highpgsmeability and by relatively
high values of soil-gas radon concentration. A cetecblock made from a slag
with a high content of radium was used for the rtaenparison of radon
exhalation rate from building materials. As for theil-gas radon concentration
and the radon exhalation from the concrete block|atively good agreement was
observed. The intercomparison differences expreased ratio of the standard
deviation to the arithmetic mean were about 26 p@&ent. Substantially larger
differences were observed during measurementsdofiraxhalation rate from the
ground surface. The value of the ratio SD/meanQva2.

Introduction

This paper describes results of Romanian team @Bbéyai University)
to the International Intercomparison Measurement 8bil-gas Radon
Concentration, of Radon Exhalation Rate from BuiddMaterials and of Radon
Exhalation Rate from the Ground Surface, which el in Pribram, Czech
Republic in September 2002 and organized by RADQNsy corp. The original
idea to organize the intercomparison appearedeadE RRICCA 2 kick-off meeting
in London in February 2002.

The soil-gas radon?¥Rn) concentrationc (kBg.m) is defined as an
average radon concentration in the air-filled pérsoil-pores in a given volume of
soil-gas. Radon exhalation ratdmBq.mZ. s*) is defined as an average activity of
radon emitted from a given surface per unit arehar unit time. First of all, both
parameters are used for characterizing the radtempal of soils, but a large range
of other applications is known: uranium prospectiagrthquake prediction, risk
assessment of waste materials, etc.

It is obvious that from metrological point of vietere are many serious
problems connected with organizing any field intenparison measurement of
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these parameters. The natural geological envirobmisn almost never
homogeneous. The soil-gas radon concentration khsisvihe radon exhalation rate
from the ground may vary, often very greatly, oaesmall distance, the variations of
soil-gas radon with depth are different under cirangeological conditions [1-8].

Under these circumstances, values are not repadadhst a standard or
reference measurement. Participants results anglysicompared to each other, in
order to obtain an indication of the collective@s@n of various measurements.
Geological conditions in a depth of soil-gas sanplas well as conditions on the
soil surface should be as homogeneous as postthie test site. If these requirements
are not fulfilled, a large variability of measurameesults can be expected. On the
other hand, any preliminary measurements shoullihriied at a chosen test site to
avoid a situation that the upper soil layers veithind of a Swiss cheese.

Participants

The intercomparison exercise was attended by jyzatits representing 10
different institutions from 8 countries - Francegr@®any, Hungary, Poland,
Romania, Spain, United Kingdom and Czech RepuBasic information on the
participants is given in Table 1.

Table 1. List of participants

Organization Country [ Representative(s)
DOSIRAD Company F J. Andru

British Geological Survey UK J. D. Appleton
National Institute of Nuclear Cz I. Burian, J. Merta

and Biological Protection

Babes-Bolyai University Ro C.Cosma, M.Moldovan
SARAD Environmental Instr. Ge S. Feige

Central Mining Institute Pl S. Chalupnik, M. Wysack
Univ. of Mining & Metallurgy Pl S. J. Kalita, H. BDChau
Health Env. Reg. Org. Ro I. Mocsy

Frederic Joliot-Curie Institute H Z. Deri, G. Banyasz

for Radiobiology

University of Cantabria S L.S.Quindos Poncela
Radon, v.0.s. Cz M. Neznal
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Results
Soil-gas radon concentration and radon exhalation rate from the ground surface

The intercomparison exercise of soil-gas radon eoimation and of radon
exhalation rate was organized in the field at anarice area near the village Buk,
less than 10 km from Pribram. The reference &2 km NNE from Milin, 550 m
a.s.l., several meters from the road Buk — RadeBemlogical basement is formed
by a medium grained biotitic and amphibol-bioti@anodiorite (Milin type) of the
Central Bohemian pluton of Paleozoic age. The aluyianitic material forms the
cover [6]. Expected values of soil gas radon cotraéion are relatively high, soil
is highly permeable at the test site. A meadownighe surface. There is a slight
downward gradient to the road Buk - Radetice. Attist site, 12 reference points
were marked in a 5x5m grid.

A uniform sampling depth of 0.8 m below the grousdrface was
recommended for soil-gas radon concentration measmts. The participants
were also asked to make several measurements bfdasameters in different
measuring points and to define the exact locatadrtbeir measuring points in the
protocol. This approach should enable to decrehseirfluence of a spatial
variability, because not single values, but setdaté would be compared. Last but
not least: It was recommended to place the deticeadon exhalation measurements
before starting of soil-gas sampling in order toida possibility that an accumulator
would be placed on an open hole remaining aftégssi sampling.

The weather during the intercomparison exercisetéaber 20, in the
afternoon) was variable. It was mostly overcastthe beginning, with some
drizzle, and the soil surface was wet. But aftee @am two hours the sun also
appeared.The temperature of air was abo€ .15

The results are shown in Fig.1la. Our laboratoryedsd C). The whole set
of data consisted of 42 values of soil-gas radamcentration. The spread of all
data characterized by the ratio of an arithmetiamand of a standard deviation
was 0.33. Mean values reported by different padiets ranged from 77.5 to 213
kBg.m?, ratios SD/mean from 0.08 to 0.49. If only datts s®ntaining at least 4
values are considered, then the mean values repoytdifferent participants range
from 125 to 213 kBq.fMand the ratios SD/mean from 0.08 to 0.30.

Substantially larger intercomparison differencesrevebserved during
measurements of radon exhalation rate from thengtaurface, Fig.1b The value
of the ratio SD/mean was 0.72. The observed differe among patrticipating
laboratories were probably mainly systematic, bwugilable descriptions of
measuring methods did not allow any more detaifedyais.
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Soil-gas radon concentration
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Fig.1. The results of soil radon measurement (upperyadon exhalation rate (below)

Radon exhalation rate from a concrete block

The intercomparison exercise of this parameter waganized in a
dwelling of National Institute of Nuclear, Chemieaid Biological Protection near
the mine No. 9, Pribram. A concrete block made feoslag with a high content of
radium was used (2820 Bq:Kg As the exhalation rate from the block is notteui
homogeneous, 8 different measuring positions wefsed. Each position was a
circle with a diameter of about 30 cm. Radon exiwiarate from each position
had been determined using the same method (RADQ@IN;. vsimple accumulator
method) before the intercomparison, on June, 18sdlvalues were then used as a
base for the intercomparison, which was held onte®eper, 20, in the morning.
The arrangement of measurement devices on thecsuofiathe concrete block is
illustrated in Figure 2. Results of measurementsraafon exhalation rate are
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presented in Figure 3. Five institutions partiogohbin the intercomparison, three of
them realized 2 measurements.

This third parameter, that was compared, was terraxhalation rate from the
surface of a concrete block. The spread of origuatla expressed as a ratio
SD/mean was 0.38. Correction factors, which hadiltesd from preliminary
measurements, were then used to minimize the mdlieof existing spatial
variations. Corrected data ranged from 46 to 88 mBe®, the value of SD/mean
was 0.26, i.e. the agreement among participantsas@sptable.

During the E.M.L. intercomparison exercise in 1995], the radon exhalation
rate was measured on the surface of an artificiglgpared concrete slab with a
high content of radium. Identically sized grainsl @radium solution were used to
get a homogeneous material. Reported values rangad31.5 to 490 mBq.ihs?,
the value of SD/mean was 0.37 (17 measurementi@ipating laboratories).

Our measurements in Fig.3 are marked also by C anodethey are closed to the
measurements-N code. The last was consideredeasmeé laboratory.

i Seooe o seendSSRTmSC - e
Fig. 2. The arrangement of measurement devices
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Radon exhalation from a concrete block -
corrected data (mBg.m “2.s™)

B () c@® M (2) Q) N (2)
Participant's code (number of measurements)

Fig.3. Results of radon exhalation from a concrete block
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